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R645-301-400 Land Use and Air Quality

R645-301-410 Land Use

Co-Op mining property and adjacent area is currently used for grazing, recreation and coal

mining. Plates n l-2 andTt L3 coupled with Table H 13 show the fee ownership and

leasehold interests adjacent to the permit boundary and the fee ownership of contiguous areas.

This information provides a guide to the land uses of the various parcels.

lSurface Land Status/lVline Plan

The land within the Bear Canyon Mine permit area fall under the jurisdiction of the State of

Utah, U.S Forest Service, Emery County, and private surface owners.

County zoning ordinances classiff the permit area as MG-l (Mining and Grazing) and

CE-l (Critical Environment) as shown on Plate n 12. Site Plan approval has been issued by

Emery County to approve mining.

Ownership

Plates 22 l-L andTT B show the ownership of property within and contiguous to the permit

boundaries. Ownership of land parcels within the permit boundaries are designated by capital

letters. See Chapter 21, Table * l!], for letter designation.
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Su rface Managing Authorities

Plate 2-7 LZshows the surface ownership for each parcel within the permit boundaries. The

local, state, and federal managing authorities are Emery County, State of Utah, Bureau of Land

Management and the U.S. Forest Service.

lUtility Corridors and Other Right-of-Ways

Co-Op has been granted a mine access right-of-way in Section 26 alongthe Paved County Road

accessing Bear Canyon. Utility corridors, such as power lines, telephone lines and water pipes,

are shown on Plates X 52. All coal mining and reclamation operations will be conducted in a

manner which minimizes damage, destruction, or disruption of services provided by oil, gas, and

water wells; oil, gas, and coal slurry pipelines, railroads, electric and telephone lines; and water

sewage lines which pass over, under, or through the permit area.

No oil, gas, or water wells, pipelines, railroads, electric and telephone lines, or water and

sewer lines exist within the permit area except those associated with the mining operation, as

described in ehaper3 &e$:301=52t and shown on plates 2# hru 34€ 5.2G.

Special use Permits and Leases

Co-Op leases land owned and leased by COP Development Company. Special use permits and

information are shown in €leapter2 f.

Mineral Ownersh in/lVline Plan Area
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Other than coal, no minerals of value have been mined within the lease and permit area. No

other mineral resources are known to be present in commercial quantities however there is

potential for discoveries.

Coal Ownership and Mines (Permit Area and Contiguous Areas)

Coal ownership and mines in the permit area and contiguous areas are shown on Plate +3 l-3

and listed with addresses in Seetioe*? R645-34-112.130, Table ?4 lJ.

Coal Leases

The following coal leases are held by Co-Op adjacent to the permit area. For the locations of

these coal leases, please refer to Plate 2-3.

Trail Canyon Permit Area
Bear Canyon Permit Area
BLM U-024316
BLM U-024318
BLM U-46484
BLM U-020668
BLMU-38727
BLM-lj:61048
BLM U-6I049

Mineral Leases

BLM U-024316
BLM U-024318
BLM U-46484
BLM U-020668
BLM U-38727
BtM_U.6I0t8
BLM U-6I049

Oil and Gas Ownership and Leases

(See Appendix 2*
(See Appendix 2#
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Oil and Gas Ownership and Leases

Co-Op represents no interest in oil or gas leases in the permit area. Federal Oil and Gas Leases

U-38968 and U-58422 lie within the same area.

R645-30 l-4ll Environmental Description

HISTORICAL AND CULTURAL RESOURCES

SCOPE

The project area is situated in the Wasatch Plateau mining area, approximately l5 miles west-

southwest of Huntington, Utah USGS 7.5 Minute topographic quads of the project area include

those and adjacent areas.

Surface within the large intensive survey area include privately owned, state, and Bureau

of Land Management (BLM) administered lands, and U.S. Forest Service.

Environment and Localitv

The Co-op Mining Company (Co-Op) project area is located on the east flank of the Wasatch

Mountain Range. The highland locations are situated above the 8,000-ft. elevation adjacentto

the and within Manti-LaSal National Forest while the larger mine facility in Bear Canyon lies at

the base of the Wasatch Plateau between the 6.800 and 8.000-ft. elevations.
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The survey area contains a wide variation of associated vegetation communities because

of variations in soil, slope, elevation, and subsurface moisture retention. The rolling ridges and

alroyos of the survey units incorporate pinyon and juniper communities within the broken arroyo

drainage system; there plants gradually reduce their dominance upon the high flats where

sagebrush vegetation exists. Serviceberry, rabbitbrush, and scattered saltbush plants also exist

along these drainages. The steeper areas ascending the plateau contain mountain shrub

communities, which include live oak and mountain mahogany. North-facing slopes contain

Douglas fir in the drainages above the upper juniper zone.

411.100 Pre-Mining Land Use Information

History of Land Use

Prior to the beginning of the Holocene Epoch (about 10,000 years ago), the pluvial conditions of

the Pleistocene in the eastern Great Basin and in the Wasatch Range began to decrease. The

gradual heating and drying trend of the Anathermal (about 10,000 to 7,500 years ago) was

accelerated until about 4,000 years ago, although this occurrence varied in different localities

throughout the West relative to local conditions. The ecosystems of the project area were

influenced by these climatic changes from cool and wet through a period of increasing

desiccation. About 4,000 years ago, the climate in the Intermountain West became cooler and
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wetter than at present with a subsequent remigration of floral and faunal species from the upper

elevations back into the lower basins. These fluctuations in climate affected prehistoric human

occupation patterns in the West, as shall be noted in a later section.

Land use techniques employed in the project area have ranged from hunting-gathering

activities, which began during the pleistoceneo to primitive farming technology practiced along

the river bottoms by the Fremont peoples as early as 1,500 years ago. With the introduction of

the Euro-American settlers in the l9th century, modern farming technology, including

horticulture and livestock production, became established in the Castle Valley area. From the

historic period to the present, the general project area has been primarily utilized as livestock

grazing land. Some horticulture related to the livestock industry has developed along the

alluvial creek bottoms that extend to the east along the drainages. In addition, some coal mining

has occurred during the 19th and 20th centuries at the Wattis mines to the North and at the site

of the existing mine.

The South East Utah coal region encompasses lands in general, state, county, and private

ownership. Land use management plans for public and National Forest Lands generally allow

for mine and mine-related activities.

Coal mining has been an integral part of the region's economy. Mining and related

construction activity dominate employment in Emery county. Active mining is going on in areas

adjacent to the project area.
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Historically, the livestock industry has been an integral part of the region's economy.

Early settlers depended on range land for grazing sheep, cattle and horses. As time passed,

grazing operations became smaller, more numerous, and directly associated with small farms.

Timber also has been tied to an integral part of the economy of the region, but on a much smaller

scale than the livestock industry. Early settlers needed fence posts, corral poles, house logs,

mine timber, railroad ties and lumber; numerous small sawmills supplied local needs. As time

passed and needs diminished, most mills went out of business. Recently however, commercial

timbering has begun to increase in the region.

411.110 Use of Land Existing at Time of Filing

The uses of the land at the time of filing of the permit application were coal mining,

wildlife habitat, livestock grazing and outdoor recreation.

4ll.l20 Capability of Land to Support a Variety of Uses

Present land capability and productivity will be only slightly reduced compared to the

after mining capability due to the small area of actual surface disturbance. Mining activities

have proceeded on the current lease areas of Co-Op historically with only minor effects on

productive capabilities in terms of soils, topography, vegetation or hydrology. The soils

indigenous to the area affected by the operations are described in Chapter 2. Vegetation is

discussed in Chapter 3.
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Surface water in the permit area is limited to surface run-off that flows most heavily

during the spring and early summer months and then normally dry up. The quality and quantity

of this water and of the ground water will be identified in Chapter 7.

Land productivity in terms of plant products before any mining will not differ greatly

from future productivity due to the small area of actual surface disturbance. Early settlers

depended upon range land for grazing sheep, cattle and horses. Timber was active, but on a

much smaller scale than grazing. Early settlers needed fence posts, house logs and railroad ties.

The permit area affected by surface operations and facilities of the underground Bear

Canyon mine is capable of supporting grazing and recreational uses. Grazing is most probable

within Leases U-024316 and U-38727. Farming in the area is prohibited by the steep and rocky

terrain.

Current and future land use will suit the physical features of the mine plan area, which is

mostly steep and rocky. Such land is well suited for management as multitude area and coal

mining fits appropriately into the overall land use scheme.

Land productivity data were obtained from the U.S. Soil Conservation Service, and are

included in Chapter 3.

Present management emphasized livestock and wildlife grazing, and watershed

development. Coal preparation and management facilities are located on fee land.
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Grazing. Private land owned by COP Development Company in and contiguous to the Permit

area is presently used for grazing. Grazing occurs on Leases U-024316, U-020668 ard . U-

38727, U-6 | 0a8. and U6 t Ory is managed by the U.S. Forest Service.

Recreation. Recreational use of the area affected by mining operations consists primarily of

hunting and camping. Heavy hunting of mule deer occurs on the area. Camping frequently

occurs on land adjacent to the property. The property owned by C.O.P. Development Company

in and adjacent to the permit is currently leased to Sportsman's, Inc. as part of a Private Hunting

Unit (PHU). This PHU includes a hunting cabin located adjacent to the Wild Horse Ridge within

the permit. Recreational access to this facility is provided by the Bear Canyon Haul Road, the

Wild Horse Ridge #3 and #4 Mine access roads.

Forestry. Merchantable timber is found within the mine permit area primarily on the flanks and

top of McCadden Ridge within Lease U-024316, although much of the area is covered by pinyon

pine and juniper. Limited resources also exist in the bottom of Bear Canyon, primarily within

the Right Fork area.

Mining. The type and extent of mining activities are discussed in detail in Chapter 5.
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411.130 Land Use Classifications Under Local Law

The land within the Bear Canyon Mine permit area fall under the jurisdiction of the State

of Utah, U.S Forest Service, Emery County, and private surface owners.

County zoning ordinances classify the permit area as MG-1 (Mining and Grazing)

and CE-l (Critical Environment) as shown on Plate l-2. Site Plan approval has been issued by

Emery County to approve mining.

411.140 Cultural and Historical Resources Information

The Division of State History was contacted in reference to that portion of ground in

T165, R7E, Sec. 23,24 and25 that has been or may be disturbed. It was the conclusion, in both

conversations. that:

There are no known sites of any significance existing in the area in question.

b. That the majority of the land in question has been previously disturbed due to earlier

mining activities

That a survey of areas of future disturbance may be advantageous but to survey ground

which is disturbed serves no purpose.
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However, in the event that C. W. Mining is in a position to permit new facilities on

disturbed ground, it has committed to a thorough Paleo-Archo Survey prior to any new

disturbances. Also, should any evidence of Pale-Archo finds be discovered in the course of

present construction, the site will be roped off and construction halted until the Historical

Division is contacted. However, a survey was conducted the summer of 1984 and 1990 for those

areas which may be adversely impacted by subsidence. This information was submitted as

Appendix 4-A. Appendix 4-B contains the results of a survey of the Wild Horse Ridge Area

which was conducted in 1982. Appendix 4-C contains the results of a survey of the Wild Horse

Ridge Tank Seam Area conducted in 2001. Aooendix aF contai

resource survev of the Wild horse Ridse subs Appendix 4H and 4l contain 2006

cultural resource studies for the Mohrland lease and fee area addition.

At the request of the U.S. Forest, an additional thorough literature search will be

conducted for any cultural resources within those areas that may be adversely impacted by

subsidence. Co-Op Mining Company commits to conducting this literature search prior to any

retreat mining within the Wild Horse Ridge area.

Application of the National Register Criteria of Eligibility, as defined under 36 CFR

60.6, indicates that there is one site within the permit area which would be considered a

candidate. This is the Bear Creek Rock Shelter (Site 42EI|l{ 1572).

41l.l4lCultural and Historic Resources Maps

These maps are located inside the reports on the specific areas.
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4ll.l42 Cordination With State Historic Presenation Officer

During the permitting of the Bear Canyon Mine, Co-Op counseled with the Utah Division

of State Historical Preservation Office and agreed to an on-site survey. The survey was

conducted by John A. Senulis, an approved archaeologist (Senco-Phenix). The survey and

results are included as Appendix 4-A. Co-Op is committed to take all necessary steps to protect

any sites deemed necessary in the event any are located. Mr. Senulis also conducted a survey of

the Federal Lease U-024316. The results of this survey can also be found in Appendix 4-A.

Two surveys of the Wild Horse Ridge area have been conducted. The first was a survey by

Kenneth Juell of the University of Utah Archaeological Center in 1982. This survey covered

drill sites and access roads both on top of the ridges and in the canyon.

According to Beaver Creek Coal Company, the survey revealed (Site 42 EM 1572) and a

single other historic resource. The historic resource (428l|l{ 1572) was excavated by Nielson &

Schleisman in July, 1982. The report of the excavation is included in Appendix 4-B. The other

historic resource was found on the ridge while moving from one sample section to another. It

was not considered significant or diagnostic.
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A survey was also conducted by Heather Weymouth of Sagebrush Consultants in 1999.

The results of this survey is also included in Appendix 4-8. No additional cultural resources

were identified.

4ll.l43 ldentification of Historic and Archeological Resources

See  4  I  1 .140 ,  411 .141 ,  and  41  1 .142 .

Additionally C. W. Mining Company conducted a search for paleontologic date within

the general area. The purpose of the search was to:

Identify all known paleontologic sites within the designated area.

b. Identify stratigraphic horizons which are potential producers of paleontologic resources.

c. Evaluate the uniqueness of known or potential fossil sites compared to similar or

duplicate faunas from the same stratigraphic horizon in other nearby areas.

Most of the ground surface within the general area is composed of the Masuk Member of

the Cretaceous Mancos Shale. The Masuk is the uppermost shale member of the marine

Mancoso overlying the Emery Sandstone Member and underlying the Star Point Sandstone. The

lithology of the Masuk is silt, mudstone, and shale. [t is about 1,000 ft. (305 m) thick in the

permit area, and covers most of the area in question. Above the Masuk Member is the Star
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Point Sandstone, transitional marine nonmarine sandstone

(152m) thick.

bed which is approximately 500 ft.

The marine Masuk Shale contains a widespread fauna consisting of abundant

foraminifera (Maxfield,1976). Ammonoids, bivalves, gastropods, fish and turtle teeth (Fisher,

1960), and probably also ostracodes (Lessard, 1973).

The Star Point Sandstone, a deltaic sequence, has produced only trace fossils from the

general area. Burrowing remains of two generic types have been described from the Star Point

Sandstone by Howard (1972) and Marley et al. (1979).

In every case these fossils have been reported over broad areas surrounding the study site;

therefore, it is almost certain that the Masuk Shale and the Star Point Sandstone within the studv

area contain similar fossils.

Although no specific paleontologic sites within the designated study area are reported in

published literature, there are many occurrences in the surrounding areas, strongly indicating the

presence of these same fossils at the study site.

Previous paleontologic investigations demonstrate widespread occuffences of the faunas

within Late Cretaceous marine and nonmarine strata in this area. Therefore, all fossils which

likely occur within the study site are almost certainly duplicated in surrounding outcrops of

Masuk Shale and Star Point Sandstone.
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The Paleontologic resources within the permit area are neither particularly abundant nor

unique compared to their counterparts in similar stratigraphic horizon within the general area.

Based upon present knowledge, development of this site would not pose a threat to the

paleontologic resources of the area.

4ll.l44 Protection of Historic and Archeological Properties

A variety of archaeological and historic techniques are available for use in avoiding and

protecting sites, or for mitigating potential adverse affect to significant cultural resources. Such

actions, once proposed, are contingent upon comments from relevant Department of Interior

agencies and Utah State Preservation offices. Avoidance procedures are the most effective

means of preserving cultural resources and will be implemented in the event that a site is

uncovered.
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411.200 Previous Mining Activity

The permit area in was the site of an active coal mine. There is very little information

available concerning the history of previous mining activity in Bear Canyon. The following

information was taken from, Central Utah Coal Fields, Utah Geological & Mineralogical Survey,

1972 and from local people who were in the area back to the 1940's.

Bear Canyon enjoyed two periods of activity between 1885 and 1906, during which the

coal seams were worked spasmodically. The Bear Creek Mine was owned and operated by Sam

Holl (Mcelpay, 7949) and later by George A.S.R. Two seams were mined; the Bear Canyon

Seam and the Hiawatha Seam. After 1906, the mine operated steadily and continuously. The

twelve prospects in the canyon produced about 8,000 tons in 1906. Coal was removed with pick

and shovel. Mining areas were dictated by the locations where seams were exposed.

Beginning in 1906, the land was transferred form George A. Smith to the Freed family,

and in l93l to Freed Coal and Coke. ln 1943, the land was transferred to Karsen Co.. and then

back to Freed in 1946.

During this time, the mine was operated by a man named Stobaugh. Stobaugh used

powder to loosen the coal and horses to haul the coal out of the mine. Most of the mining was

done by hand. The initial area with erratic haulways shown on Plate 5-lA, was mined during

this period. R. McCandless and S. McCarther operated the mine up until 1957, using similar

methods. The area mined during this period is also shown on Plate 5-lA with a more regular
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pattern. From 1938 tol957 the mine produced over 150,000 tons from the Bear Canyon Mine.

Co-Op entered the Blind Canyon Seam through these workings.

In 1957, the land was transferred from Freed to Huntington Corp., and then Peabody Coal

in 1971. From l97l to 197J, various exchanges took place between Peabody and Nevada

Electric Investment. In 1980, the original Co-Op lease area was transferred from Peabody to

C.O.P. Development. In 1990 the Wild Horse Ridge was transfered from Nevada Electric to

COPD. In December 1996 the Mohrland area was transferred from Intermountain Power

Agency to C.O.P Development
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R645-301-412 Reclamation Plan

412.100 Post-Mining Land Use Plan

Table 4-l

Land Use in Relation to Mine Features

Present
Area Ownership

Proposed Post-Mining Land Use

Pre-mining
Use

Proposed
Post-mining Alternate

Use Use

Mine Site
Exploratory
Excavations

Conveyor,
Pipeline and
Power Line
Route

Main Access

Tank Seam
Access

Wild Horse Ridge

Flatlands

Canyons

Moderate
Elevation:
North &
East Slopes

High
Elevation:
Steep land
North &
East Slopes

West and
East Slopes

Private

Private

Private

Private

Access/
Conveyor
and Private

W i ldl ife/Grazing HabitaU
Timber/Recreation

Wildlife/Grazing Habitat/
Recreation

Wildlife/Grazing Habitat
Recreation

Wildlife Habitat

Wildlife/
Grazingl
Recreation

Grazing

Service
Road

Wildlife

Wildlife/
Recreation

Service
Road

Wildlife

Wildlife
Habitat

Wildlife/
Grazing/ Picnic
Recreation Area

Grazing Wildlife
Habitat

Land Use in Relation to Physical Features
Abilify to Support

Area Proposed Post-minine Use Proposed Post-minins Use

Wildlife/ Timberine
Recreation

Adequate

Adequate

Adequate

Adequate

Moderate - Because of
Harsh Natural Conditions

Wildlife Habitat
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4l2.ll0 Method For Achieving Post-Mining Land Use

R645-301-540 describes in detail, the abandonment steps and revegetation/reclamation

activities to be used to achieve the proposed post-mining land uses.

Area Cleanup. Solid waste generated in the abandonment operation will be disposed as

described in R645-301-541 .300.

Recoverine of the General Area. Grading and backfilling will be done to achieve a final contour

suitable for the wildlife/grazinglrecreation habitat specified as the post-mining land use.

Wind Protection Barriers. In addition to the wind protection provided by the soil stabilation,

rock wind barriers may be constructed by a small portion of the rock generated during the

mining operation. During abandonment small piles of the rock may be formed where needed to

provide protection and stability to reclaimed areas.

Scarifying Areas. Operational areas will be scarified after backfilling and grading prior to

topsoil redistribution. Steep slope areas which must remain after abandonment will receive

special ripping to create ledges, crevices, pockets and screes. This will allow better soil retention

and vegetation establishment.
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Distribution of Topsoil. Topsoil from the stockpile will be spread over the disturbed areas in

such a manner as to prevent excessive compaction.

Fertilization and Neutralization. Fertilization or neutralization as determined as necessary by

soil testing will be done.

Seedine and Tree Plantins. Vegetation will be established to prevent erosion, to optimize the

effect and to provide cover. Perennial woody species will be emphasized, along with those of

proven nutritional value and ability to support wildlife and grazing. The types and amounts of

such vegetation are discussed in Chapter 3 R645-30l-321.

Moisture Retention. All regraded and topsoiled areas will be mulched or otherwise treated to

promote germination of seeds and to retain moisture. Various other methods available are listed

below:

l .

2.

3 .

4.

5 .

Straw--Terrace Benches

Mulch--Wood mulch may be sprayed on terrace banks

Soil Retention Blanket--Wood fiber held by plastic net may be used on steeper banks.

Jute Mesh and Straw--Burlap material holding straw may be used on the steepest banks.

Tackifier--Mulch with tackiffing agent may be used on steep banks.

Maintenance. Fencing, irrigation and weed control will be used only as needed, according to

operational testing results.
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Regrading and Reseeding. Erosion that develops in completed areas will be minimized by

repeated grading and seeding.

Success Monitoring and Extended Responsibility Period. Vegetation and water will be

monitored during the applicable period of liability to determine success of abandonment

reclamation. A determination of revesetation success will then be made.

412.120 N/A

412.130 Alternative Post-Mining Land Use

No proposed post-mining land use is different from the pre-mining land use.

412.140 Considerations of Surface Owners

Consideration has been given to make all of the proposed land use consistent with owner

plan and applicable Utah and local land use plans. Additionally corespondence will continue

between C. W. Mining Company and the land owners to assure proposed post mining land use

will be consistent with their land use pl Copies of this correspondence will be included in

Appendix 4-C.

412.200 Land Owners Comments

This is included in Appendix 4-C.

412.300 Suitability and Compatiblity

Plans for final fills and surface regarding is discussed in Chapter 5.

4-2r 0y0r/07



R645-301-420 Air Quality

R645-301-421 Compliance with the Clean Air Act

Coal mining and reclamation operations are conducted in compliance with the Clean Air

Act and the Utah State Department of Health Air Conservation Regulations as outlined in the Air

Quality Approval Order found in Appendix 4-D 4-G.

R645-301-422 Coordination and Compliance with Utah Bureau of
Air Quality

C. W. Mining Company is operating under Approval Order # DAQE-145-02 (Appendix

++ issued by the State of Utah Department of Environmental Quality Division of Air

Quality. Additionally C. W. Mining Company is regularly inspected by representative of the

Division of Air Quality to assure compliance with the Approval Order and the Clean Air Act and

the Utah State Department of Health Air Conservation Regulations .

R645-301-423 Air Pollution Control Plan

C. W. Mining Company will control air pollution by watering roads, drop points, and

storage piles as outlined in Approval Order # DAQE-145-02 found in Appendix 4-D re.
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Appendix 4-A

PALEO.ARCHEOL O GICAL SURVEY

This information was relocated to the confidential binder on 9/18/05.

Confidential files are located at the Division of Oil Gas and Mining 1594 West, North
Temple, SLC, Utah.
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Appendix 4-B

WHR Resource Survev

This information was relocated to the confidential binder on 9118105.

Confidential files are located at the Division of Oil Gas and Mining 1594 West, North
Temple, SLC, Utah.
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Property Owners Statement
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C.O.P. COAL DEVBTOPMENT COMPANY
53 West Angelo Avenue

Salt Lake City, Utah 84115

Deeember 14, 1990

State of Utah
Division of Oil, Gas & Iltining
355 West North Temple
3 Triad Center, Suite 350
Salt Lake City, Utah 84180-1203

Gentlemen:

Please be advised that the pre-mining use of the real property now
being used for mining operations by Co-op Mining Company at its Bear Canyon
Mine, was for wildlife, reereation and livestock grazing. C.O.P. Coal Development
Co', as the land owner, presently antieipates that the land will be used for coal
mining aetivities for the next several years, after whieh time, the land will once
again be used for wild life, reereation and livestoek grazing.

Very truly yours,

/rP,,4*
Joseph O. Kingston, President
C.O.P. Coal Development Co.

JOK/kj
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Air Quality Monitors
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Appendix 4-E

Wild Horse Ridge Tank Seam Resource Survey

This information was relocated to the confidential binder on 9/18/05.

Confidential files are located at the Division of Oil Gas and Mining 1594 West, North
Temple, SLC, Utah.
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Cultural Resource Study of the
Bear Canyon Subsidence Area
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Abstract

SENCO-PHENIX performed a combination intensive and intuitive cultural resource survey of the
sandstone cliff faces within the proposed Bear Canyon Mine subsidence area for C W Mining
Company. The project area was the sandstone cliff faces that may subside when the pillars for
the underlying Bear Canyon mine are removed. The focus was on cliff faces because during
subsidence, cliff faces tend to shear off and collapse while there is a minimal effect on other
ground. The subsidence survey was undertaken at the request of Forest Archeologist, Bruce
Ellis, who wanted the areas of the cliff faces examined for possible archeological remains such
as rock art, rock shelters, burials or other cliff face type sites. The project area is in the Price
Ranger District of the Manti-La Sal National Forest. The purpose of the survey was to identify
and evaluate cultural resources that may exist within the project area.

No cultural resources were located and the potential for undetected remains is remote. A finding
of no effect is appropriate and archeological clearance without stipulations is recommended.





Project Location

The survey area is Wild Horse Ridge, which is the divide between Fish Creek to the east and Bear
Creek to the west. Both are branches of the Huntington Creek drainage within the Price Ranger
District of the Manti-laSal National Forest in Emery County, Utah. The subsidence area is in
Sections l9 and 30, Tl65, R8E, Emery County, Utah. The proJect area is shown on the enclosed
copy of U.S.G.S. 7.5' Quad: Hiawatha. Utah (l978).

Environment

The project area is within the Wasatch Plateau, which is part of the Colorado Plateau Province.
The Wasatch Plateau is a north to south trending highland that overlooks the Castle Valley to
the east and the Sanpete Valley to the west. Wald Horse Ridge is a very steep sided, narrow ridge
at elevations of 8,700 to 9,050 feet. The project area is drained by the perennial Bear Creek,
over a mile west of the project area.

The diversified vegetation consists of grassy sagebrush meadows interspersed with aspen
groves and conifer forests, including White and Ponderosa Pine. Some of the understory species
included wheat grass, bluegrass, common juniper, shrubby cinquefoil, strawberry, penstemon,
mules-ear, needle grass, lupine, manzanita, sagebrush, sedge, currant, and gooseberry.

Previous Research

John Senulis of SENCO-PHENIX performed a file search in the Forest Service Office on July 23,
2003. The folloring are the previous studies within or near to the project area which meet
professional standards:

o | 984, SENCO-PHENIX performed a sample survey of Bear Creek Canyon. No cultural
resources were located. (84-l 106)

o 1986, Abajo archeology surveyed the non-forest portion of Huntington Canyon south of
Rilda Canyon. No cultural resources were located in the vicinity of the current project.
(ML 85-9)

o 1990, SENCO-PHENIX surveyed a mine expansion project area in the general project
area. No cultural resources were located. (90-263)

l99l, Sagebrush Archeological Consultants surveyed ten drill holes in the general
project area. No cultural resources were located. (91-281)

1993, SENCO-PHENIX surveyed 4 drill hole locations in the general project area. No
cultural resources were located. (93-549)

1994, AERC surveyed potential subsidence zones in Rilda Canyon and elsewhere. No
cultural resources were found in Rilda Canyon. (ML 94-734)

1997, The Forest Service surveyed restoration areas in Huntington Canyon. No cultural
resources were located near the current project area. (ML gl-844)



Methodology

John and Jeanne Senulis of SENCO-PHENIX performed a combination Class lll intensive walkover
and intuitive survey on August 6, 2003 of the sandstone cliff faces in the potential subsidence
area. The policy of the Manti-la Sal National Forest is to survey sandstone cliff faces in areas of
potential subsidence, because the cliff faces often collapse when the pillars are removed from
the underlying mine. The sandstone cliff faces were examined for the presence of rockshelters,
rock art, burials, or other site types that could occur in these outcroppings. Because of the sheer
steepness of the outcrop facings, walkover was limited to the areas where foot travel was
possible. Some of the rock faces were examined utilizing both binoculars and a camera with a
telephoto lens. The east wall of the ridge is a sheer vertical cliff several hundred feet high and
could not be surveyed. Portions of the west slopes could be more closely examined, however,
some still had slopes in the 70-80 degree range and could not be walked.
All field notes and photographs are on file at the offices of SENCO-PHENIX in Price, Utah.

Findings and Recommendations

No cultural resources were located and the potential for undetected remains is remote. A finding
of no effect is appropriate and archeological clearance without stipulations is recommended.

These recommendations are subject to modification and review by the Manti La Sal Forest
Ranger and the Utah SHFO.



Subsidence Project Area

View of the West Face looking Southeast

An Example of the East Wall Steepness
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Michacl O. tcavin
Govemor

Dianne R. Nielson, Ph.D.
Exocutive Dircctor

Richard W. Sprott
Direcor

State of tltah
DEPARTMENT OF ENVIRONMENTAL QUALITY
DIVISION OF AIR QUALITY

150 North 1950 Wcst
P.O. Box 14/,820
salt Lake city, urah t4l144t20
(801) 5364000 Voice
(801) 536a099 Fax
(80r) 5364414T.D.D.
Web : www.deq. state. ut.us

DAQE-r45-W

February 22,2N2

Charles Reynolds
Co-Op Mining Company
P. O. Box 1245
Huntington, Utah 84528

Dear Mr. Reynolds:

Re: Approval Order: Modification of Approval Order DAQE-862-99, to Increase Production
Emery County - CDS-B, NSPS, Title V, Project Code: N0240-004

The attached document is the Approval Order for the above-referenced project.

Future correspondence on this Approval Order should include the engineer's name as well as the DAQE
number as shown on the upper right-hand comer of this letter. Please direct any technical questions you may
have on this project to Mr. Enqiang He. He may be reached at (801) 536-4010.

Secretary

RWS:EH:re

Emery County
Mike Owens, EPA Region VItr



STATE OFUTAH

Department of Environmental Quality

Division of Air Quality

APPROVAL ORDER: MODIFICATION OF APPROVAL
ORDER DAQE-862-99, TO INCREASE PRODUCTION

hepared By: Enqiang He, Bngineer
Email: ehe @ deq.state.uLus

(Eotl s3G4o1o

APPROVAL NUMBER

DAQE-I45-02

Date: February 22r20A2

Co-Op Mining Company
Source Contact

Charles Reynolds
(435) 687-450

Richard W. Sprott
Executive Secretary

Utah Air Quality Board
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Abstract

Co-Op Mining Company has proposed to modify its existing Approval Order (AO) DAOE-862-99, ilateil
October 29, 1999. The source is located in Emery County which is an attainment area for all criteria
pollutants. The AO is modified as follows: (I) to increase throughpat from 1,104,000 tonslyear to
1,950,000 tonslyear of coal, and (2) to use an oil burner/spaee hester in the shop. New Source
Performanee Standards (NSPS) Suhpart Y (Stardords of Pedonnance for Coal Preparation Plants)
regulations apply to thk source. National Emission Standards for Hazardous Air Pollutants (NESHAP)
regulations do not apply to this source. Title V regulatians apply to this source. The source uses new
emissionfactors for the unpaved haul road. The emissions, in tons per lefr, will change as follows : PM ,o
(+ 4.88) 13.09, NO" (+ 0.AI) 17.28, SO, (+ 0.05) 1.59, CO (+ 0.00) 4.73, and VOC (+ 0.22) 2.88.

The project has been evaluated and found to be consistent with the reguirements of the Utah Administrative
Code Rule 307 (UAC R307). A 30day public comment period was held in accordance with UAC R307401-
4 and no comments were received. This air quality Approval Order (AO) authorizes the project with the
following conditions, and failure to comply with any of the conditions may constitute a violation of this
order.

General Conditionsr

1. This Approval Order (AO) applies to the following company:

Offrce Location
Co-Op Mining Company I
P.O. Box 1245 

'|\

Huntington, Utah 84528
Phone Number: (435) 687 -2450
Fax Number: (435) 687-2084

PLANTLOCATION:

The equipment listed below in this AO shall be operated at the following location:
Eleven miles west of Huntington, Utah on state Highway 3l

Universal Transverse Mercator GfnO Coordinate System: UTM Datum NAD27
4,36L9 kilometers Northing, 491.7 kilometers Easting, Tnne 12

2. All definitions, terms, abbreviations, and references used in this AO conformto those used
in the Utah Administrative Code (UAC) Rule 307 (R307), and Title 40 of the Code of
Federal Regulations (40 CFR). Unless noted otherwise, references cited in these AO
conditions refer to those rules.

The limits set forth in this AO shall not be exceeded without prior approval in accordance
with R307401.

Modifications to the equipment or processes approved by this AO that could affect the
emissions covered by this AO rnust be approved in accordance with R307-401-1.

All records referenced in this AO or in applicable NSPS standards, which are required to

3.

4.

5.



DAQE-I45-02
Page 3

I  t  .  I  - abe kept by the ownerloperator, shall be made available to the Executive Secretary or
Executive Secretary's representative upon request, and the records shall include the two-
year period prior to the date of the request. Records shall be kept for the following
minimum periods:

A. Emission inventories

B. All other records

Five years fromthe due date of each emission
statement or until the next inventory is due,
whichever is longer.
Two years.

6. Co-Op Mining Company shall conduct its mining operations in accordance with the terms
and conditions of this AO, which was written pursuant to Co-Op Mining Company's Notice
of Intent received by the Division of Air Quality (DAQ) on November 13, 2000 and
additional information submitted to the DAQ on November 5,2001

This AO shall replace the AO (DAQE-862-99) dated October 29,1999.

The approved installations shall consist of the following equipment or equivalent*:

Crushers:

South Crusher:
Type: Primary Crushing, Hammer mill

uilxjffi#::::-,
Wildhorse Crusher:

Will be same as the South crusher or similar to the Gundlach crusher

Lunrp Crusher (high ash):
Type: Primary Crushing, Granulator
Manufacturer: Pennsylvania *

Model TK-9-38*
Capacity: 300 tonVhr

Lump Screenage Crusher:
Type: Primary Crushing,Vl-inch single Roll Crusher*
Manufacturer: Unknown
Model: Unknown
Capacity: 50 tons/hr

Gundlach Crusher:
Type: Primary Crushing,4 Roll Crusher
Manufacturer: Gundlach *

Model: TUDA-1260*
Capacity: 100 to 700 tons/hr

7.

8.
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Oversize Crusher:
Type: Secondary Crushing, Square Crusher
Manufacturer: Eagle*
Model: 10210*
Capacity: 50 tons/trr

Screens:

Secondary Picking Screen:
Allis Chalmers, Ripple Flow *

6x16SD
Capacity: 300 to 450 tons/hr

Wildhorse Screen:
Hewitt Robbins *

8x20DD
Capacity: 350 to 900 tonVtr

Upper Screen:
Allis Chalmers, Ripple Flow *

6xl6DD
Capacity: 300 to 9fi) tons/hr

l.ower Screen
Allis Chalmers, Low Head *

8x20 DD
Capacity: 350 to 900 tons/hr

Storage Tanks:

One vertical unleaded above ground gasoline storage tank, 11,000 gallon
capacity**

One diesel, above gound storage tank, 11,000 gallon capacity**

One diesel, above ground storage tank, 16,000 gallon capacrty**

Two above ground Stoker Oil storage tank, 14,000 gallon capacity**

One above ground diesel storage tank**, 1,000 gallon capacity

One above gound diesel storage tank**, 8,000 gallon capacrty( tnstalled
in 1999)

One above ground Anti Frenzn storage tank, 2,000 gallon capacity
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Coal Fired Space Heaters:

Shower House
Stokermatic Wanior* l50l225p, 225,000 BTU/hr
Scale House
Stokermatic Warrior* 1501225p,225,W BTU/hr *

Stokermatic Model 2*, 100,000 to 150,000 BTU/hr *

Shop Building
Coal stoker space heater, 250,000 BTU/hr

Miscellaneous Equipmenfi

Conveyors
Diesel fired Front end loaders
Oil burner/space heater* * *

: 
Other mobile equipnpnt necessary for facility management

'r Equivalency shall be determined by the Executive Secretary
** Not subject to 40 CFR Parts 60 Subpart Kb
*** Newly added

Limitadons end Tesb Plocedures

9, Visible emissions from any point or fugitive emission source associated with the installation
of the source or with the control facilities shall not exceed 20Vo opacity. Opacity
observations of emissions from stationary sources shall be conducted in accordance with 40
CFR 60, Appendix A, Method 9. Visible emissions determinations for traffic sources shall
use procedures similar to Method 9. The normal requirement for observations to be made
at 15 second intervals over a six minute period; however, shall not apply. Six points,
distributed along the length of the haul road or in the operational area, shall be chosen by
the Executive Secretary or the Executive Secretary's representative. fui opacity reading
shall be made at each point when a vehicle passes the selected points. Opacity readings
shall be made Vz vehicle length or greater behind the vehicle and at approximately Vz the
height of the vehicle or greater. The accumulated six readings shall be averaged for the
compliance value.

, 10. The production limit of 1,950,000 tons of coal per rolling l2-month period shall not be
exceeded.

To determine compliance with a rolling l2-month total the owner/operator shall calculate
a new l2-month total by the twentieth day of each month using data from the previous 12
months. Records of production shall be kept for all periods when the plant is in operation.
Production shall be determined by an operations log. The records of production shalt be
kept on a daily basis.
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Roads and Fugitive llust

Fuels

12.

11. All unpaved roads and other unpaved operational areas that are used by mobile equipment
shall be water sprayed to control fugitive dust. The application of water or chemical
treatment shall be used. Treatment shall be of sufficient frequency and quantity to maintain
the surface material in a damp/moist condition. The opacity shall not exceed 20Vo at all
times the areas are in use unless it is below freezing. Records of water treatment shall be
kept for all periods when the plant is in operation. The records shall include the following
items:

A. Date
B. Number of treatments made and water quantity
C. Rainfall received, if any, and approximate amount
D. Time of day treatments were made

Water sprays or chemical dust suppression sprays shall be installed at all drop points at
which the material handled may have a moisfure content of less than 4Vo or as needed to
comply with the opacity limitations in this AO. Examples of points that require water
sprays include the following:

A. Mine Operations
B. Storage Piles
C. Crushing and Screening areas
D. Conveying Drop Points
E. Load-out

Ttre sprays shall operate whenever dry conditions warant or as determined necessary by the
Executive Secretary.

The storage piles shall be watered to minimize generution of fugitive dusts, as dry conditions
wiurant or as determined necessary by the Executive Secretary. Records of water and/or
chemical treatment shall be kept for all periods when the plant is in operation.

The owner/operator shall use only diesel fuel with less than 037o sulfur or gasoline in
stationary equipment or mobile equiprnent operated onsite. Sulfur content shall be decided
by ASTM Method D2880-71 orD4294-89, or approved equivalent, The sulfur content
shall be tested if directed by the Executive Secretary. The percent by weight of the sulfur
contained in the fuel can be obtained from the fuel oil certifications. Certification of fuels
shall be either by Co-Op Mining Company's own testing or test reports from the fuel
marketer. Records of fuel supplier's test report on sulfur content shall be available on-site
for each load delivered. Coal consumption in the Shower house, Scale house and shop
building space heaters shall not exceed 65 tons per rolling l2-month period. The sulfur
content of the coal shall not exceed 0.60V0. Sulfur content in coal shall be decided by
ASTM Methods D3177-75 or D4239-85, or approved equivalent.

13.

14.
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Federal Limitations and Requirements

15. kr addition to the requirements of this AO, all provisions of 40 CFR 60, NSPST Subparts A
and Y, (Standards of Perfonnance for Coal Preparation Plants), apply to this crushing
facility. The storage tanks are not subject to 40 CFR 60 subpart Kb.

Records & Miscettaneous

16. At all times, including periods of startup, shutdown, and malfunction, owners and operators
shall, to the extent practicable, maintain and operate any equipment approved under this
Approval Orderincludingassociated airpollution control equipnrcnt in a nrannerconsistent
with good airpollution control practice for minimizing emissions. Determination of whether
acceptable operating and mainlenance procedures are being used will be based on
information available to the Executive Secretary which may include, but is not limited to,
monitoring results, opacity observations, review of operating and maintenance procedures,
and inspection of the source. All maintenance performed on equipment authorized by this
AO shall be recorded.

The owner/operator shall comply with R307-150 Series. Inventories, Testing and
Monitoring.

The ownerloperator shall comply with R307-107. General Requirenrcnts: Unavoidable
Breakdowns.

The Executive Secretary shall be notified in writing if the company is sold or chairges its name.

Ttris AO in no way releases the owner or operator from any liability for compliance with all other applicable
federal, state, and local regulations including R307.

A copy of the rules, regulations and/or attachments addressed in this AO may be obtained by contacting the
Division of Air Quality. The Utah Adrninistrative Code R307 rules used by DAQ, the Notice of Intent (NOD
gurde, and other air quality documents and forms rnay also be obtained on the Internet at the following web
site : htp : | | w w w .eq. state. ut.us/eqair/aq-home. htm

The annual emission estimations below include space heaters, conveyors and loadout, cnrshing and
screening, haul road, storage piles, and diesel storage tank emissions. These emissions are for the purpose
of determining the applicability of Prevention of Significant Deterioration, nonattainment area, maintenance
area, and Title V source requirements of the R307. The), are not to be used for determining compliance.

fire Potential To Emit (PTE) emissions for this source (the Bear Canyon Mine) are cunently calculated at
the following values:

t7.

r8.

t NSpS = New Source Performance Standards.
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R645-301-500 Engineering

R645-301-511 General Requirements

This chapter includes descriptions of existing and proposed coal mining and reclamation

operations and their potential impacts to the environment.

R645-301-512 Certification

Maps, cross-sections and designs required by R645-301 to be certified have been

prepared by or under the direction of a qualified, registered, professional engineer whose stamp

and signature can be found on the individual maps or design. All maps, cross-sectionso and

designs will meet all requirements of R645-301.

R645-301-513 Compliance with MSHA Regulation and Approvals

C. W. Mining Co. agrees to comply with all MSHA regulations pertaining to damso

embankments, impoundments, sediment ponds, excess spoil, coal waste, portals, and mining

operation, timing, and sequence.
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R645-301-514 Inspections

All engineering inspections will be conducted in accordance with both Utah State Law

and the Federal Code of Regulations. The inspections will be done by either a qualified

registered engineer or a qualified person under the direction of a qualified registered engineer as

required by law.

R645-301-515 Reporting and Emergency Procedures

515.100 Slides

At any time a slide occurs which may have a potential adverse effect on public property,

health, safety, or the environment, the Division will be notified by the fastest available means

and C.W. Mining Co. will comply with any reasonable remedial measures required by the

Division.

515.200 ImpoundmentHazards

If any examination or inspection discloses that a potential impoundment hazard exists, C.

W. Mining Co. will promptly inform the Division of the finding and of the emergency

procedures formulated for public protection and remedial action. If adequate procedures cannot

be formulated or implemented, the Division will be notified immediately.
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515.310 TemporaryAbandonment

In the event of a temporary abandonment of operations C. W. Mining will still comply

with all provisions of the approved permit.

515.311 Inactive Areas

C. W. Mining will support and maintain all access openings and surface facilities in all

areas where there are no current operations, but operations are to be resumed.

515.320 Temporary Cessation of Operations

In the event of a temporary cessation of operation for a period of 30 days or more, C.W.

Mining will submit a notice to the Division as soon as it is known that the temporary cessation

will extend beyond 30 days or more. This notice will include: a statement of the exact number of

surface acres and the horizontal and vertical extent of sub-surface strata which have been in the

permit area prior to cessation or abandonment, the extent and kind of surface reclamation of

surface area which will have been accomplished, and identification of the backfilling, regrading,

revegetation, environmental monitoring, underground opening closures and water treatment

activities that will continue during temporary cessation.

C.W. Mining will seal portals which are not to be utilized for mine inspection or access

during temporary cessation of operation. These seals will be constructed of woven wire or

cement block and securely attached to the portal entry so as to make trespass by men or animals

prohibitive. All portals which are to be utilized will be posted with "No Trespassing" and "Keep

5-3 12/8/04



Out" notices. Where doors exist such as fan entries, this will also be locked and signed

accordingly.

R645-301-520 Operation Plan

C. W. Mining Company has operations at several different sites. Because of the

complexity of the entire unit, 5 different areas of operation and reclamation will be discussed.

The five areas are listed below.

C. W. Mining Company Permit Area Components

1. Bear Canyon Mine Area
2. Tank Seam Area
3. WHR Blind Canyon Seam Area
4. WHR Tank Seam Area
5. Morhland Area

521.100 Cross Section and Maps

Maps showing all relevant information have been prepared by or under the direction of,

and are certified by a registered certified professional engineer.

521.110 Previously Mine Area

The location and extent of know workings of active, inactive, and abandoned

underground mines, are shown on Plates 5-1.

521.120 Surface and Subsurface Facilities and Features
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The location of all buildings, surface and sub-surface man made features, public roads, waste

piles, sediment ponds, and water impoundments are shown on Plates 5-2.

52f .130 Landownership and Right of Entry and Public Interest Maps

521.131 Land Ownership Maps

All boundaries of lands and names of present owners of record of those land, both surface

and subsurface are shown on Platel -2 and Plate 1-3.

521.132 Boundaries of Land C.W. Mining Has Right of Entry To.

These boundaries are shown on Plate 1-2 and Plate 1-3.

521.133 Protection of Public Interest

C. W. Mining currently has no operations within 100 feet of public land or a public road.

52t.140 Mine Maps and Permit Area Maps

52l.l4l Disturbed Boundary and Timing Of Mining

The boundary of all disturbed and proposed disturbed areas are shown on Plates 5-2. The

areas to be mined and the sequence and timing of the mining are shown on Plate 5-lA (Blind

Canyon Seam), Plate 5-lB (Hiawatha Seam), and Plate 5-lC (Tank Seam). Plates 5-2 also

shown the changes to all facilities and features that have been or will be made. The boundary

showing all areas that may be affected by mining is shown on Plate 2l-l (Permit Boundary).
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521.142 Underground Workings and Subsidence Areas

Underground workings and areas where planned subsidence mining methods will be used

are shown on Plates 5-1. R645-301-525 discusses subsidence in greater detail.

521.143 Mine Waste Disposal Sites

Temporary and permanent waste disposal sites will be shown on Plates 5-2. C. W.

Mining Company is currently permiued to haul all mine waste to Hiawatha for permanent

disposal. The location of these sites can be found in the Hiawatha Coal Company MRP.

521.150 Land Configuration Maps

All land surface configuration maps give surface contours which adequately represent the

existing land surface configuration of the permit area.

52t.l5l Cross Sections and Slope Measurements

All areas have representative cross sections that extend 100 feet beyond the disturbed

boundary and show the slope measurements for pre-mining, operational, and post-mining land

configurations. The cross-sections are discussed in greater detail in R645-301-521.160 and

R645-30 l -540.

521.152 Previously Mined Areas

See R645-301-521.151
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521.160 Maps and Cross Sections of the Features of the Permit Area

Plates 5-2 show the location of all buildings, utility corridors, facilities, affected areas,

coal storage areas, cleaning and loading areas, topsoil stockpile areas, coal preparation and

storage areas, underground development waste areas, non coal waste areas, waste disposal

facilities, refuse piles, slurry impoundments, sediment ponds, and explosive storage magazines.

Cross section details are shown on Plate 5-8 and in Appendices 5-H, 5-[, 5-J, 5-K, and 5-L The

location of the cross sections are shown on Plates 2-3.5-6. and 5-7.

521.170 Transportation Facilities Maps

Transportation facilities are shown on Plates 5-2. Road details are shown on Plates 5-4

and on the cross-sections in Appendices 5-H, 5-I, 5-J, 5-K, and 5-L. Road construction details

can be found in Appendices 5-F and 5-G.

521.f80 SupportFacilities

Support Facilities are discussed under R645-301-526.

521.200 Signs and Marker Specifications

Signs and markers will be posted, maintained and removed by C. W. Mining Company

and will be of a durable material and be a uniform design that can be easily seen and read. The

will be maintained during all activities to which they pertain and will conform with all local laws

and regulations.
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521.240 Mine and Permit Identification Signs

Identification signs are displayed at each point of access from public roads to areas of

surface operations and facilities on the permit area. These signs show the name, business

address and telephone number of C. W. Mining Company and the identification number of the

permanent program permit authorizing coal mining and reclamation activities.

521.250 PerimeterMarkers

The perimeter of all areas affected by surface operations or facilities are clearly marked

by perimeter markers.

521.260 Buffer Zone Markers

Stream buffer zone signs are installed at locations where mining and reclamation

operations are conducted in the vicinity or perennial and intermittent streams.

521.270 TopsoilMarkers

Topsoil markers have been installed where topsoil or other vegetation-supporting

material is physically segregated and stockpiled under R645-301-234.
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R645-301-522 CoalRecovery

It is in the interest of C. W. Mining Company to maximize the recovery of coal resources. A

large portion of C. W. Mining's coal resources are contained in Federal leases. A major

condition of each lease agreement is maximum recovery of resources. When accessible, mine

workings in each lease are inspected on a regular basis by the Bureau of Land Management

personnel experienced in underground coal mining methods. Justification for not recovering coal

deposits that may be detrimentally affected in terms of future recovery by the proposed

operations include the following.

Seams that are too thin to be economically minable given existing or reasonably

foreseeable technology.

Coal seems separated by insufficient rock intervals to allow safe mining above or below

worked out areas.

Seems that are relatively thick but not extensive, and isolated by thin coal which would

make development cost prohibitive.

There are four main seams in the Bear Canyon Property, the Tank Seam, the Bear Canyon

Seam, Blind Canyon Seam, and Hiawatha Seam.

eanyorseam- fnere are no olans t due to the close proximity of the Bear

earya! seam to the Blind Canyon Seam (<30 feet interburden). There are no plans to mine the

Hiawatha Seam in Wild Horse Ridge due to the thinning of the seam. Mining plan, sequence and

projected development for the Bear Canyon, Hiawatha, and Tank seams are shown on Plates 5-

I A, 5- I B and 5- l C respectively. Geology information is discussed in Chapter 6.

A.

B.

C.
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R645-301-523 Mining Method

Mining at the Bear Canyon complex is done by a lonswall and continuous miners. The

ine The main entries

consist of a five-entry system on 80 ft -200 ft centers to be driven to the property limits. For

longwall recovery 2-5 gate entries are driven off the mains on either side of the panelto the head

of the panel where they are connected b,v bleeders. The longwallthen mines out the panel. For

continuous miner recover sub-mains consisting of five entries on 80 ft - 200 ft centers are then

driven off the mains and room-and-pillar panels are developed off the sub-mains. Rooms are

developed within the panels on 70 ft - 150 ft centers. This is referred to as "Development". The

pillars are then recovered according to the approved plan. This is referred to as "retreato'.

Timber or mobile roof supports are installed to support the roof and provide for breaker control

of the caving roof. Retreat mining of this type will provide a recovery of 70pct - 80 pct within

the panels. See Figures 5-l and 5-2. Sub-mains under the escarpment area in Bear Canyon will

be developed and left.

Anticipated average annual production is 2.100.000 Tons fiom the longwall face and

400.000 T'ons from development mining. Before the longwall face comes on line and after it is

finished some roonr and pillar retreat mining will be done. The average annual production fi'orl

room and pillar retreat mining is 600"000 Tons.

As can be seen on Plates 5-lA and 5-lB, the lower seam workings are planned to be

columnized with the upper seams as closely as practicable. Where this is not practiced due to

geologic conditions, pillars will be adequately sized to afford stability for the rooms. Geologic

conditions and the limited lateral extent of reserves in the Tank Seam precludes columnizing of

pillars with the other seams in some areas. However, experience has shown that the overburden

(250') between these seams will provide adequate roof stability even if the pillars are not all

columnized. The mining plan sequence allows for recovery of the upper seam areas (Tank Seam

first, then Blind Canyon Seam) prior to final recovery of the lower seam. This procedure is

consistent with accepted engineering practice in multiple seam mining.
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Ventilation, Water System, Dust Suppression, and Dewatering

Ventilation. A separate fan with adequate capacity supplies air to each of the mines. Intake air

is canied in the entries on one side of a set, while retum air is carried through the entries on the

other side. Air is directed through the mine by stoppings, doors, overcasts, regulators and

brattice cloth. After sweeping the working faces of each section the air is directed into the return

air courses and out of the mine. Little or no methane gas is generated in any of the Blackhawk

seams.

Water System. Water generated in the mine is collected in sumps and used at the mine. Some

water from the roof is collected and used as culinary water outside for use in the bathhouses and

as drinking water in the offices (Appendix 5-B). Tests for portability are required and made

quarterly.

Dust Suppression. Water also serves for sprays on the machines at the working faces, on the

coal at belt heads, transfer points and for the tipple for dust suppression.

Dewatering. Water generated is used or contained within

discharged to Bear Creek. Mine dewatering is governed

(Appendix 7-B).

the

by

mine, and excess water is

the mine discharge permit
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Equipment Selection

Co-Op will utilize the equipment described in the following list for its mining operation

and will acquire any additional equipment as required to maintain a sound mining operation.

Surface Equipment
vibrating screens
crushers
conveyors
front end loaders
road grader
crawler tractor
fork lift

Recovery Rate

The recoverable coal reserves were estimated by multiplying the in-place reserve by a

recovery factor of 70 pct.

The operation will produce 750,000 to 2,000,000 tons of raw coal per year with 2 to 4

miner sections working 240 360 days. This is 3,000+ to 8,000+ tons per day with 2 to 4

production shifts operating. The rate of production (considering a lower rate during the initial

buildup years plus the tonnage still to be mined in the area of old workings) will make the

projected mine life approx 29 years.
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Table 5-l Coal Reserves - Bear n Mine

Coal Reserves

Seam In-PlaceReserve Area

Federal Lease
LI-46484

[J:6]-0481

lu=6t0't9l

(u-0243 r8)

(u-0243 r6)

(r.J-020668)

(u-38727)

Fee Land

Total Area Tons

Blind Can.yon
Hiawatha

SI.JBTOTAL

Tank
Hialuatha

SL]BTOTAt,

-l'ank

Blind Canl'on
niawatlu

SUBTOTAL

Blind Canyon*
Hiawatha

SUBTOTAL

Tank
Blind Canyon
Hiawatha

SUBTOTAL

Tank
Blind Canyon

SUBTOTAL

Tank
Blind Canyon

SUBTOTAL

Tank
Blind Canyon
Hiawatha

SUBTOTAL

Tank

5.093.206
7.015.758
|  2 .108,964

490^470
li49J3A
8J3I2rt

l!-027*1et
0
r&r28J89
28356180

0

2.568.465

Recoverable

1.586.8s2
3.08s.990
4.672.842

a
2-94241_6
2-9AAJ5.

6433459.
0
lt 822415
-1825i-93r

0

+lnt<ne+tn356.QE9

wt.325.213

w3_J3J!5

t.284.232

20.094.2

TOTAL

update.
2. Current permit application will allow for mining of Lease U-024316 in the Tank Seam only until additional

hydrologic and geologic information can be obtained.
. Blind Canvon Seam reserves mined out in 1984-1985.
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R645-301-524 Blasting and Explosives

C. W. Mining Company commits to follow all of the regulations in Section R645-301-

524 that apply to its operation.

R645-301-525 Subsidence Control Plan

Subsidence monitoring points are shown on Plate 5-3. Appendix 5-C contains the

subsidence monitoring and control plan.

525-300 SubsidenceControl

Subsidence control is outlined below and in Appendix 5-C

Barrier Pillars

Pillars of coal generally are left underground to protect surface or underground features

which must be maintained and protected for the life of the mine (main entries) or permanently

(oil or gas wells). The size of some is specified by law; others are designed by the operator to

provide the protection needed.
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Property Boundaries

Area boundaries of individual leases and fee property are shown on Plate l-3. Protection

of boundaries and property adjacent to the permit area is provided by continuous barrier pillars a

min of 100 ft wide. This is wide enough to prevent subsidence across the boundary resulting

from angle of draw. On the north end of the pelmit boundary no barrier'*,ill be left because this

area is adjacent to the l'liawatha permit boundary which is part of tlre Bear Canyon I-MU so

minirrg could potentially cross from one perrnit bounclary into the other uninterrupted.

Outcrop Protection

In most areas, coal outcrops are buried and are not visible from the surface. Outcrops are

either covered to some depth with overburden or, in many areas; the coal has been burned for

some distance from the surface. Where neither of these situations exist, routine tests of the coal

may show that it has been "weathered" or "oxidized" and mining will be stopped within 200 ft of

the outcrop.

Barrier pillars to protect main and sub- main entries have been made large enough (100 ft

or greater) to assure protection of the entries for their useful life. When the area serviced is

mined out, entry pillars will be recovered on the way out.
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Protection of Natural Surface Structures & Streams

in€

ise

The primar.v-. natural structures that need

protection are escarpments and streams. Escarpment locations are shown on Plate 5-3 and 5-3A"

ancl a discussion of their protection is included in Apperrdix 5C. The only stream channelg which

lies over the minable portion of the permit area is Bear Creek, where it flows through Federal

Lease U-024316. and F'ish Creek where it florvs through aportiqn o1'Fedel'al Lease LJ-61049 and

In areas where coal burn exists the burning of the coal as causecl natural subsidence

causing f-ailure of some natural structures. A barrier left ad.iacent to these areas would cause an

interruption betrveen the natural and man made subsiderrce creating greater impacts to tlre

surface. I}ecause clf this no barrier will be left in these areas unless it is needed for roof stabilitlz

or tempc'rature considerations. in wlrich caLrse the rninimum possible size will be used.
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Protection of Manmade Features (Surface & Subsurface)

Man made features and structures which exist on the minable portion of the permit area

consist of a hunting lodge which exists in the Wild Horse Ridge Area. There are some forest

trails but they are all located beyond the coal outcrops. Maximum coal recovery in the controlled

uniform manner planned for this mine should result in even surface subsidence with minimal

disturbance.

Buildings within 1.000 ft of Permit Area. A hunting lodge lies within 1,000 ft. of the permit area.

Adequate barrier protection will be provided to prevent subsidence of this structure. No

buildings have been identified above the potential subsidence zone.

Existing Public Roads. The main access road to the property is a public road. It provides access

from Huntington Canyon to the mine. The lease agreement between C.W. Mining and C.O.P

Coal Development requires C.W. Mining to allow access through the mine site for

representatives of the property owners and Forest Service. The access road to the Wild Horse

Ridge area consists of an existing road used to access a private hunting cabin which is owned by

Sportsman's, the lessee of the hunting rights to the property. The main road is posted with speed

control and general traffic control signs. When mining has been completed, the roads which are

not approved to remain for post-mining land use will be reclaimed.

Protection of Oil, Gas and Water Wells

There are no active or abandoned oil or gas wells within the permit boundary.
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R645-30t-526 Mine Facilities

526.100 Existing Mine Structures and Facilities

This is addressed in Appendix 5-A

526.200 Utility Installation and Support Facilities

The only public utilities located on or near the mine site are Big Bear Spring and Birch

Spring. C. W. Mining will monitor these springs for any adverse affects related to the mining

operation as described in Chapter 7 R645-301 -731.200

526.300 Water Pollution Control Facilities

This is addressed in R645-301-732. R654-301-733. R654-301-738. and R645-301-744.

526.400 Air Pollution Control Facilities

This is addressed in R645-301-420.
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R645-30L-527 Transportation Facilities

There are eleven primary roads in the permit area: Bear Canyon Haul Road, Portal

Access Road, Tank Seam Access Road, Shower House Road, road to Sediment Pond A, Tipple

Access Road, Shop Road, No. 3 Mine Access Road, No. 4 Mine Access Road, and the No.l and

No.2 Conveyor Access Roads. All roads are shown on Plates 5-2. Road profiles and typical

cross sections are shown on Plates 5-4. A description of all roads is included in Appendix 5-F,

along with maintenance procedures. Construction of the Tank Seam Access Road is discussed in

Appendix 5-G. Construction of the Wild Horse Ridge road is discussed in Appendix 5-J.

Construction of the Wild Horse RidgeTank Seam Road is discussed in Appendix 5-K.

Construction of the Mohrland Road is discussed in Appendix 5-L. Construction of the No. 4

Mine Access Road is discussed in Appendix 5-K.

The mine area is approached on the Bear Canyon Haul Road. The #1 mine portal is

reached on the Ponal Access Road. The Tank Seam Portal is reached on the Tank Seam Access

Road. The Wild Horse Ridge area is accessed on the No. 3 Mine Access Road. The WHR Tank

Seam is accessed on the No. 4 Mine Access Road. Six other primary roads provide access; to the

Sediment Pond A, the coal preparation facility (tipple), the shop, the Wild Horse Ridge conveyor

belts, and to the Shower House.

The Bear Canyon Haul Road, No. 3 Mine Access Road. and part of the No. 4 Mine

Access Road are also used by customers of Sportsman's Hunting to access a hunting cabin,

which exists in the right fork of Bear Canyon. This non-mining recreational use of the road

occurs primarily from May until November, typically 2-3 times per week. A lease agreement
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between Sportsman's and C.O.P.D. provides them with a right-of-way access to the cabin in

Bear Canvon.

There is one ancillary (eep trail) road shown near the portal on Plate 5-2C, which was in

existence prior to C. W. Mining's activities and has not been used by C. W. Mining for mining

and reclamation activities.

Traffic on the haul road consists primarily of coal haul trucks, mine personnel passenger

vehicles, vendor cars and trucks, and other passenger and recreational vehicles. The traffic on

the shop and portal access roads and No. 3 Mine access road consists of supply tractors, vendor

trucks and company vehicles, with some additional passenger and recreational vehicular use.

Roads are maintained in such a manner that the performance standards will be met

throughout the life of the entire transportation facility, including maintenance of the surface,

shoulders, parking and side areas, and erosion control structures for safe and efficient utilization

of the road. In the event a road is damaged by a catastrophic event, such as a flood or

earthquake, the road will be repaired as soon as practical after the damage has occurred.

The road surfacing material for the No. 3 Mine Portal Access Road, No. 4 Mine Access

Road, and Wild Horse Ridge Conveyor Access Roads will consist of in-place material and/or

road base (gravel) material. This material has proven adequate on the other Bear Canyon Mine

Access Roads for the type of traffic which will use the roads, consisting of pickup trucks and

mine vehicles and tractors. Soil analyses of the in-place material for the Wild Horse Ridge area
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is presented in Appendix 2-F and Appendix 2-G. Soil analysis of the road base material was

analyzed during the analysis of in-place plant growth material, presented in Appendix 2-D. This

material is represented by the soil samples identified as SHP-1, SHP-2 and PAR-I (Soil segment

from 0-0.5 ft.). Sample locations are shown on Plates 2-38, 2-3C and 2-3D. None of the

investigations revealed any acid- or toxic- forming materials. Any coal waste material

encountered during the portal face-up process will be treated as described in R645-301-528, and

will not be used in the fill or as road surface material.

Reclamation of roads and parking areas is treated in the same manner as other working

areas. Any asphalt or treated surfaces will be removed prior to rehabilitation upon completion of

mining. Roads which are permitted to remain in place will be fit with drainage control structures

adequate for post-mining use. See Plates 5-4, 5-5 and 5-6, and road agreements under Appendix

5-F.

R645-301-528 Handling and Disposal of Coal, Overburden, Excess
Spoil, and Coal Mine Waste

528.100 Coal Removal, Handling, Storage, Cleaning and Transportation Areas and
Structures

Coal is carried from the mines by conveyor belt to surge bins, and then conveyed to the

sizing and crushing plant (tipple), where the lump is removed and diverted to the lump bin or

seasonal storage area. The rest of the oversized is crushed, and then sized to meet the various

requirements of different customers. It is then conveyed to the truck load-out bins or the

stockpile area.
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Coal will be transferred from the Tank Seam to the Blind Canyon Seam of the Bear

Canyon No. I Mine through a 7 ft diameter borehole, which has been bored from the surface

adjacent to the portal. The conveyor from the portal and the drop tube structure will be enclosed.

Air cannons will be placed on the outside of the drop tube to prevent the wedging of coal in the

tube. A 7 ft diameter borehole will be used in Wild Horse Ridge to transfer coal from the Tank

Seam (#4 Mine) to the Blind Canyon Seam (#3 Mine). This borehole, however, will be

constructed underground.

Coal from the #3 mine will be transferred from the portal area to the tipple using an

overland conveyor. This conveyor is shown on Plates 5-2C,5-2F and 5-2G. The conveyor will

either be suspended in the air from cables or set on stands on the ground. Because the Wild

Horse Ridge area is an important migratory path for the deer and elk, restriction of this migration

by the conveyor in areas where it sets on the ground is a concern. To mitigate this potential

problem, the stands will be constructed to suspend the bottom of the conveyor belt a minimum of

36" above the ground. A typical cross-section of the conveyor is shown in Appendix 7-K, Figure

l. All moving parts are contained within the spill pan, so there will be no danger to wildlife

passing under the conveyor.
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528.200 Overburden

Overburden was removed from areas in the vicinity of mine portals and used in the

construction of the portal pads. The material will be utilized to reclamation to cover the

highwalls and to reshape the slopes to approximate their pre-mining condition as described under

R645-30 l -540.

528.301 Excess Spoil

No excess spoil is proposed to be generated during the term of this permit. C. W. Mining

commits to not conduct any activities that could generate excess spoil unless a plan is submitted

and approval granted by the Division.

528.320 Coal Mine Waste

Coal mine waste such as separated waste rock will be temporarily stored at the designated

site on the main storage pad shown on Plate 5-2C. Storage time in this area will not exceed 15

days. Each time waste rock is placed in the area, a survey will be conducted to determine the

approximate volume of material being placed in the designated area. A log will be kept of the

survey which includes a sketch of the material pile and placement dates and will be available

onsite for review. In-Mine roof sample analyses are included in Appendix 6-C. A maximum

volume of 150 yd3 of material will be stored in the temporary area at any given time.
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The material will then be returned underground and either crushed prior to transportation

to use as underground road base material, or placed underground in dry areas in accordance with

MSHA regulations. Samples will be taken during future development in accordance with R645-

30 l  -623.1 00.

Roof and rock materials developed underground during mining and related tunneling

activities will be placed underground. When relocation of these materials is required

underground, they will be placed in "dry" areas where there are no active seeps, sumps or

drippers.

Bear Can]ron #3 and #4 Mines. Coal Mine Waste such as separated waste rock which is

generated from the Wild Horse Ridge operation and can not be used as described above will be

hauled to Hiawatha(Cll007/01l) and placed in S'luq4on*5,{ Refuss-Bde_t (MSHA ID# l2ll-

UT-09-00098 Vlfl=A). All material placement will comply with the requirements of the

Hiawatha Coal Company's CoalMining and Reclamation Plan, Section R645-301-528.

Prior to being shipped to the Hiawatha Mine, waste material will be tested for acid and

toxic properties in accordance with Table 5O-1. Any material found having acid and toxic

properties will be disposed of in the Hiawatha SJurqf+end-SA Befuse_pilql in accordance with

the Hiawatha MRP requirements for acid- and/or toxic-forming material. For sediment control,

runoff from any material placed in the temporary storage area reports to and is contained in

sediment pond "A".
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528.321 Return of Coal Processing Waste to Abandoned Underground Mines

No coal processing waste has been, or is proposed to be, disposed of in abandoned

underground mine workings. No coal processing waste will be disposed of in abandoned

underground mine workings without the express approval of the Division and MSHA.

528.322 Refuse Piles

C. W. Mining Currently has no permanent refuse piles.

528.323 Burning and Burned Coal Mine Waste

MSHA has verbally notified Co-Op Mining Company that a fire extinguishing plan for

the temporary rock pile is not required by their office, since the area utilizes minimal storage,

which is temporary. In the event a fire does occur, however, it will be extinguished by spreading

the material out on the storage pad and allowing it to burn out and/or distinguishing the fire using

water from the belt tower water supply lines.

528.330 Non-Coal Mine Waste

Non-coal waste generated in the operation of the mine is placed in metal dumpsters

which are strategically located on the property. A local trash collector is contracted to replace

these bins when they are near capacity. Appendix 5-D addresses a comprehensive plan to handle

toxic or contaminated material.
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528.340 Underground DevelopmentWaste

Historically there has been a minimal amount of underground development waste

produced. This waste has been associated with the development of portal entries or vent shafts

and in each case the waste has been used in the construction of the portal sites or used within the

mine to fill low areas. This same process will be followed for all future development waste.

528.400 Dams, Embankments and Other Impoundments

C. W. Mining currently has only 4 dams, embankments and impoundments. All 4 of

them are sediment ponds. Three sedimentation ponds are used to control the main Bear Canyon

area (Plate 7-lB), a fourth sedimentation pond on the Bear Canyon #3 mine portal pad, and

additional ASCA structures. A slope stability analysis for Sediment Pond "A" is shown in

Appendix 7-E. The properties of the embankment material for the three ponds are similar due to

the close proximity of the three ponds to each other and the native material being used for the

pond embankments. The slope stability analysis, which would apply to ponds "B" and "C" also,

shows that the minimum safety factor for the pond slopes is 2.8. This is calculated using a slope

of 2H:lV. Slopes will be constructed at a slope of 2H:lV or less, providing a 2.8 safety factor.

This is greater than the minimum required safety factor of 1.3. These facilities will be

maintained as long as it is required to meet the effluent limitations of applicable federal or state

laws for runoff or drainage. When their usefulness is ended, they will be removed and the sites

reclaimed as described previously.
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The fourth pond treats the #3 mine portal pad. A slope stability analysis for the

embankment material in this area is shown in Appendix 5-J, pg.30-32. This embankment will

also be constructed at a slope of 2H:lV, providing a minimum safety factory of 1.46, which is

greater than the required safety factor of l.43.

In areas where sedimentations ponds are not used, additional ASCA controls are used.

These controls are discussed in detail in Appendix 7-K.
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R645-301-529 Management of Mine Openings

Exploratory Holes. Bore Holes. And Wells. Upon abandonment of drilling operations, all drill

holes are to be cemented with an approved slurry. The slurry mixture will consist of 5.2-5.5 gal.

of water per bag of cement. C.W. Mining is committed to plugging all openeings as described in

R645-301-551

Shafts. The shafts will be filled from bottom to collar with non-combustible material. A cap

consisting of a 6 inch thick reinforced concrete slab will be used as a seal. The cap will be

equipped with a 2 in. dia vent pipe and will extend for a distance of 5 ft below the surface of the

shaft collar.

Mine Entries. Seals will be installed in all entries as soon as mining is completed and the mine is

to be abandoned. Seals will be located at least 25 ft inside the portal mouth entry. Prior to

installation all loose material within 3 ft of the seal will be removed from the roof, rib and floor.

The mine entry seals will be made of solid concrete blocks (average minimum compressive

strength of 1,800 lbflinz tested in accordance with ASTM Cl40-70) and mortar (l part cement, 3

parts sand and no more than 7 gallons of water per sack of cement) to form a wall two blocks

thick.

5-30 t2t8t04



b.

Seals will be installed in the followins manner:

The seal will be recessed at least 16 in. deep into the rib and 12 in. deep into the floor. No
recess will be made into the roof. The blocks will be at least 6 in. high, except in the top
course and 8 in. wide.

The blocks will be laid and mortared in a transverse pattern. In the bottom course, each
block will be laid with its long axis parallel to the rib. The long axis in succeeding courses
will be perpendicular to the long axis block in the preceding course. An interlaced pilaster
will be constructed in the center. The seals will have a total thickness of 16 inches. Where
conditions permit, the portal seals will be graded to conform with existing surface contours
and seeded.

The opening in front of the wall will be filled with non-combustible material as above

and the portal and entire exposed seam on the highwall will be covered with 6 to 8 ft of

noncombustible material, graded, covered with suitable material and seeded. The portal fill

material will be put in place with a load, haul, dump (LHD) unit to ensure proper backfilling.

For illustration of a typical sealo see Figure 5-3. Temporary seals are discussed in R645-301-

515 .300 .

Each mine entry which is temporarily inactive, but has a further projected useful

service under the approved permit application, shall be protected by barricades or other covering

devices, fenced, and posted with signs, to prevent access into the entry and to identify the

hazardous nature of the opening, These devices shall be periodically inspected and maintained in

good operation condition by the person who conducts the underground coal mining activities.
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531

R645-301-530 Operation Design Criteria and Plans

General

General plans for sediment ponds are given in R645-301-528.400. Water impoundments

are discussed in Chapter 7.

s32 Sediment Control

Sediment control for each specific disturbed area is discussed and referenced under

R645-30 I -526, and R645 -301 -7 32.

s33 Impoundments

This is addressed in R645-301-528.400

534 Roads

This is addressed in R645-301-527 . A reclamation timetable is eiven in R645-301 -540.

535 Spoil

This is addressed in R645-30 | -5 l4

536 Coal Mine Waste

This is addressed in R645-301-5 1 3, R645-301 -5 | 4, and R645-301 -528.
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537 Regraded Slopes

537.100 GeotechnicalAnalysis

Slope stability analysis's are given in Appendix 5-G for the Tank Seam, Appendix 5-J for

the WHR Blind Canyon Seam, Appendix 5-K for the WHR Tank Seam, and Appendix 5-L for

the Mohrland area.

537.200 Settled and Revegetated Fills

Parts of the mine access roads will not be restored to its original contour, but will be left

in place for post-mining land use. This is discussed in R645-301-242.
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R645-301-540 Reclamation Plan

R645-301-541 General

541.100 Reclamation of All Areas

Upon completion of mining on the permit area, (l.JM-_Il-tnins will reclaim all disturbed

surface areas as diligently and rapidly as possible, to restore the property to pre-mining andlor

alternative post-mining uses. All reclaimed areas will be maintained during the liability period

for at least l0 vears.

The initial step in the reclamation plan is to seal all large-diameter openings by

backfilling these openings with non-combustible material (earth & small rock), adjacent to the

portals. The seals will be designed such that mine drainage, if any, will not enter surface water

bodies. For a more detailed description of the sealing of openings, see R645-301-529, Sealing of

mine Openings, Drill Holes, Wells, etc.

The next step in reclamation would be the removal of all surface structures, equipment

and road blacktop. Once this has been accomplished, all solid waste generated in the

abandonment operation will be collected and disposed of in an approved manner. Additional

information concerning this aspect of the reclamation plan is present in R645-301-541.300

(Surface Structures), and R645-30 I -542.600 (Roads).
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Proposed access roads to the mine portals will be reclaimed and revegetated. This will

accomplish a dual purpose of controlling runoff and re-vegetating the hillsides with vegetation

comparable to existing growth. Roads proposed to remain in place for post-mining use will be

re-graded to the post-mining configuration and fitted with post-mining diversions. A detailed

description of the roads is given in R645-301-542.600 (Roads).

Backfilling of the subterranean portion of the silos, holes and depressions will be the next

reclamation activity, Once the backfilling is completed, the disturbed areas will be graded and

recontoured. Topsoil materials will be redistributed as defined in Chapter 2 and then seeded or

planted as described in Chapter 3, before the next growing season. A suitably permanent and

diverse vegetation cover will be established on all affected areas of land.

The post-mining land uses will be grazing, recreation, wildlife and timber.

541.300 Removal of Structures

All surface facilities including support facilities will be removed and the areas reclaimed

to prevent damage to fish, wildlife, and associated environmental values.

Mine Operational System Removal. Systems such as domestic water will be phased out and

removed or buried. All structures, tanks and lines will be removed and properly disposed.

Buried lines will be removed where feasible; otherwise, lines will be severed and left in place

beneath a minimum of 4 ft of fill. Leaving lines in place will cause less disturbance than digging

in some cases.
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Excess Coal Spoil and Waste Disposal. Any excess coal spoil and waste material on-site at the

time of reclamation will be placed and compacted against the cut slopes and covered with a

minimum of 2 ft of non-toxic, non-acid material. [f testing indicates that the material has acid or

toxic forming potential it will be covered with a minimum of 4 ft of non-toxic, non-acid material.

These materials will be placed in areas away from post mining drainage structures.

Solid CNon-Coal) Waste Disposal. The following are solid waste

reclamation, and methods of disposal:

expected during

Concrete. All concrete (estimated at approximately 900 cu yds) will be broken up into

pieces not to exceed 3 ft x 3 ft and placed against the highwalls mentioned above, and

covered with at least 3 ft of backfill material. (This category also includes cinder blocks).

Asphalt material will be taken to the Nielson Construction landfill;

b. Culverts and Pipe. All such material will be removed, and either salvaged or taken to the

Nielson Construction Landfill in Emery County;

c. Scrap Metal. All scrap metal will be removed, and either salvaged or taken to the

Construction Landfill:

items
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d. Wood. paper. trash. All such items will be collected during the area cleanup during and

after reclamation and then taken to the Nielson Construction Landfill for disposal. Wood

items are identified as extraneous building material, timbers, block wedges and other

mining material, and do not include any material occurring living or dead vegetation.

Note: The Nielson Construction Landfill is the designated disposal site for all non-coal solid

waste items to be removed from the site.

R645-301-542 Narrative, Maps, and Plans

542.100 Timetable

The following schedule of reclamation is proposed to be initiated within 90 days (weather

permitting) of final abandonment of the mining operation:

Accumulated Time
a. Seal Portals - 2 weeks 2 weeks
b. Remove Structures - 34 weeks 36 weeks
c. Soil Replacement and Ripping - 10 weeks 46 weeks
d. Channel Restoration - 25 weeks 7l weeks
e. Revegetation - 2 weeks 73 weeks

The above reclamation tasks can, therefore, be completed within 73 weeks, weather permitting,

following the start of reclamation activities. Revegetation will be scheduled for completion in

the fall of the final season of reclamation.
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542.200 Backfilling and Regrading

General

The objective of the proposed backfilling, soil stabilizing, contouring and grading process

is to achieve a reclaimed surface which will provide a variety of topographic features and

enhance post-mining land use.

The steps to be taken in the backfill, soil stabilization, compaction, contouring and

grading problems are described in the following subsections. Stability analysis of highwalls and

backfilled areas are discussed in Appendix 5-H.

Backfilling operations, utilizing equipment such as rubber-tired scrapers, bulldozers,

backhoes, front-end loaders and dump trucks, will be conducted in the portal and treatment

facility areas. Holes or depressions will be filled when the mining operation is concluded.

Compaction operations utilizing equipment such as sheeps-foot tampers will be conducted to

stabilize all filled holes and depressions.

In general, the backfilling and grading operation will take place in the following manner:

All mining portals will be sealed and backfilled as previously described in R645-301-

529.
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b. Solid waste generated in the facilities removal will be collected and disposed of as

identified in R645-301-541.300. See Appendix 5-D for toxic materials and handling.

In disturbed areas which contain coal fines from current operations and are not proposed

to be regarded, the coal fines will be removed to pre-mining levels. Methods of removal

will consist of either vacuuming (ifjustified by large quantities), or by washing down the

areaby high-pressure water hoses. The wash down procedure is particularly effective on

rock and rocky slopes. All other extraneous debris from the operations will also be

removed from the areas. Disposal of all materials will be as described in R645-301-529.

It should be noted that the existence of small to moderate amounts of coal fines has not

been established as detrimental to either soils or vegetation; therefore, amounts less than

the 50 pct figure cited above will not be removed.

c. A backhoe and dozer will work in conjunction to remove the outer edge of the

recontoured operational benches and compact it against the cut slopes. This will be

accomplished by the backhoe reaching over the edge of the bank approx 20 ft. and

pulling the material back. The dozer will then push and compact this material from the

cut slope outward to reach a bench slope of approx 1v:3h for drainage purposes and a

maximum of 1v:2h on slopes outside of drainage areas. Culverts will be removed by

excavating the material over the culvert, extracting the pipe, and backfilling the area.
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d. This operation will start on the upper bench and work across the bench to the upper

access road.

e. The backhoe and dozer will work in the same manner to eliminate the access road,

working down to the lower pad. A typical cross-section of the reclaimed road cut is

shown in Figure 3.6-2.

Steps d-f will be repeated from the Tipple Pad on down the canyon reshaping the mine

yard and disturbed area to the configuration shown on Plates 5-6, Post-mining

topography. The mine access road below the No. 3 Mine Access Road will be regraded

and fitted with post-mining diversion structures as shown on Plates 5-6. Diversion

designs are shown in Appendix 7-H. Asphalt road surfacing material from the scalehouse

pad will be excavated and disposed of at the Nielson Construction Landfill in Emery

County. All roads which are to be reclaimed will be closed to traffic during reclamation.

The reclaimed road design will be the same as the operational design, and is shown on

Plate 5-4.

As backfilling and grading is completed, operational areas will be scarified by gouging to

a depth of approximately 8 in. with a trackhoe. All areas will be gouged to increase

surface roughness. This will reduce compaction and prevent topsoil slippage, and

improve soil retention and vegetation establishment in the gouges.
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Tank Seam Access Road Reclamation

This section provides a detailed description of the backfilling and grading plans for the

Tank Seam Access Road and Portal Area. Reclamation will be scheduled to allow revegetating

of the area in conjunction with backfilling and grading.

As soon as the Tank Seam portals are sealed and all facilities removed, the borehole will

be filled using the cuttings from initial construction of the borehole. These cuttings will be

stored underground in the Blind Canyon Seam during operation. Backfilling will begin at the

Tank Seam Portal Area. Backfilled material shall be placed by heavy equipment such as a front-

end loader and track backhoe in lifts not exceeding 18 inches and compacted as described on

page 5H-27. Lifts will be placed parallel to the slope of the road until the final lifts are reached

which are wide enough for the equipment to drive on. Final lifts will be placed by a backhoe and

compacted in a sloping manner as shown in Figure 5-5.

In areas where fill material is located on the outslope, fill material will be pulled back

using a backhoe and the material incorporated into the lifts placed on the cut bench. Where large

fill areas exist, the fill will be excavated in a reverse sequence from the placement described in

Appendix 5-G. This will allow the fill to be removed and then reclamation to proceed from the

bottom of the slopes toward the top, as the "pilot cut" is reclaimed.

Fill material will be excavated from around the large boulders, which were left in place

during construction using a backhoe, and the approximate original contour of the slope will be

restored. Channels will be restored in the large fill areas by duplicating the configuration shown

in Appendix 7-H.
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As the lifts are placed and fill material retrieved, topsoil will be redistributed on the

outslope and upper lifts and spread using a backoe. Boulder sized rock fragments will be

embedded into the surface in the upper lifts as described on page 5H-27 in order to obtain, at a

minimum, a surface rock cover of 32.75 percent, which equals the reference area cover shown on

page 5A-24.

Using the bucket of the backhoe, the surface will then be ripped and scarified, creating

horizontal pockets approx. 8 to 12 inches deep to aid in water retention for revegetation. The

bucket will also spread the topsoil at the top of the cut in a manner to blend the reclaimed slope

with the natural slope above.

As backfilling progresses down the road, seed will be placed on the completed slopes

behind backfilling by hand. Following seeding, erosion control matting similar to Excelsior S-2

or equivalent will be placed on the slopes by hand, and stapled to the reclaimed surfaces.

Reclamation will progress in this manner to the bottom of the Tank Seam Access Road.
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Wild Horse Ridge Reclamation Plan

This section provides a detailed description of the backfilling and grading plans for the

Wild Horse Ridge portal pads, conveyor roads and access roads. Reclamation will be scheduled

to allow reseeding of the area immediately following backfilling and grading.

As soon as the portals are sealed and all facilities removed, backfilling will begin with the

portal pads. ASCA Controls will be put in place in accordance with BTCA "2" controls,

described in Appendix 7-K. Due to the remoteness of the area, Pond "D" will be removed

during the initial backfilling and grading to avoid any future re-disturbance. A silt fence will

first be placed at the base of the fill area across the drainage, as shown on Plate 5-6G. Fill

material in the bottom of the canyon will then be excavated, including pond '0D". Any highwalls

created along the seam outcrops will be backfilled and the coal seams will be covered.

Material will then be placed along the portal pad access roads, backfilling the cut slope.

Material shall be placed by heavy equipment such as a crawler dozero front-end loader and track

backhoe in lifts not to exceed 36 inches and compacted as described in Appendix 5-J. Material

will first be excavated from the West side of the Blind Canyon Pad and the East side of the Tank

Seam Pad (down-drainage side), maintaining access to the bottom of the canyon for topsoiling.

As fill material is placed on the access roads, it will result in narrowing the road width, while

backfilling the cut slope. Materials will be compacted in lifts not to exceed 24 inches in depth.

Large diameter rocks will be incorporated into the outslope which is created by filling to aid in

surface stability. This procedure will be followed until the majority of the cut is backfilled and

the roads have been narrowed to "pilot cuts" which will still allow the equipment access to the

areas. During the backfilling and grading process, culverts will be excavated and removed.
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Topsoil will then be placed on the excavated areas of the pad and on the reclaimed slopes

utilizins a trackhoe.

Any reclaimed slopes which will be out of reach of the trackhoe when backfilling is

complete will receive topsoil during the backfilling process while the area is still within reach.

As topsoil is placed, the surface will be roughened with deep gouges as described in Appendix 7-

K.

The reclaimed channel, RC-9, will then be constructed in the drainage while the area is

still accessible. The remaining fill material will then be excavated and temporarily placed along

the portion of the access road which will remain in place for post-mining use and the post-mining

roads will be reestablished. The excavated areas will be topsoiled in conjunction with the

excavation. The "pilot cuts" will then be reclaimed in the same manner as the Tank Seam

Access Road described above using the material previously placed along the remaining portions

of the access road. When the backfilling is complete, silt fences will be staggered along the edge

of the drainage as shown on Plate 5-6G for runoffcontrol.

The conveyor access roads will be reclaimed in a similar manner. As all areas are

reclaimed, the surface will be gouged using a trackhoe, creating pockets approximately 8-12

inches deep to aid in water retention for revegetation.

Since a cut slope existed along portions of this area prior to mining, there may not be

enough material to completely eliminate the entire cut. In areas where cuts existed prior to

mining, the material will be placed so as to backfill the cut to the extent possible. These areas

are shown on Plates 5-6.
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Slopes will be constructed in accordance with the slope stability recommendations

presented in Appendix 5-J and Appendix 5-K. This will insure a slope stability factor greater

than 1.3. Due to the limitation of a maximum slope of 2H:lV, some portions of the road and pad

cuts will be left during reclamation. The locations of the cuts are shown on Plates 5-6F and 5-

6G. The heights of these cuts are summarized on page 5J-64. These cuts are also shown on the

cross-sections in the post-mining slope stability analysis in Appendix 5-J and Appendix 5-K.

Following regrading, seed and fertilizer will be placed on the completed slopes by hand.

Following seeding, erosion control matting similar to Excelsior-S-2 or equivalent will be placed

on slopes constructed at or near 2h:1v. The erosion control matting will be installed in strict

conformance with the manufacturer's instructions. Following the placement of the matting, the

temporary silt fences placed for runoff control during reclamation will be removed.

542.300 Final Surface Configuration Maps and Cross Sections

Plates 5-6 show the final surface configurations after reclamation. Cross sections on

shown on the maps are found in Appendixes 5-1, 5-J, and 5-K.

542.400 Removal of Temporary Structures

See R645-301-240. R645-301-340. R645-30'l-412. R645-301-540. and R645-301-740.

542-500 Timetable for Removal of Water Impoundments

See R645-301-542.100
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542.600 Roads

See R645-301-240.

542.700 Final Abandonment of Mine Openings and Disposal Areas

See R645-301 -529 and R645-30 I -738.

542.E00 ReclamationCosts

See R645-301 -830.1 00 and R645-301-830.300

R645-301-550 Reclamation Design Criteria and Plans

R645-301-551 Casing and Sealing of Underground Openings

The Bear Canyon Mine complex has eight existing portals.

The Bear Canyon #3 and #4 mines have a total of six portals (Plate 5-lA and 5-lC), all

located in Bear Canyon. The #4 Mine has an auxiliary portal described in Appendix 5P.

All portals will be reclaimed as described in sections R645-301-529, and R645-301-738.

R645-301-552 Permanent Features

No response required.
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R645-301-553 Backfilling and Grading

553.100 Disturbed Area

See R645-3 0l -240, R645-30 l -4 I 2. I 00, and R945 -30 I -540.

553.200 Spoil and Waste

See R645-30 I -5 1 3. R645-30 I -5 I 4. and R645-30 I -525.

553.250 Refuse Pile

Not applicable.

553.260 Disposal of Coal Processing Waste

See R645-301-513.

553.300 Exposed Coal Seams

See R645-301-731 .100 and R645-301-731 .300

553.400 Cut and Fill Terraces

No cut and fill terraces are proposed.

553.500 Previouslv Mine Areas

See R645-30 I -540
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553.600 Approximate Original Contour

See R534-301-540

553.700 Backfilling and Grading Thin Overburden

Not applicable.

553.800 Backfilling and Grading Thick Overburden

Not applicable

R645-301-560 Performance Standard

Coal mining and reclamation operations will be conducted in accordance with the

approved permit and requirements of R645-301-51 I through R645-301-553.
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EXISTING STRUCTURES

'I'able 
5A- l lists each structure and construction dates. Reclamation is expectedin2012.

Table 5A-l Existing Structures
Construction Dates

Existing Structure Starting Completion Photo #
Sales/Receiving/Scale Office/Caretaker Dwelling 6184 t0/87 1
Fuel Tanks
Truck Loading Facility
Oil Slack Loading Facility
Storage & Stacking Facility
Conveyor Structures
'A.dde4Machine Shop
Shop
Coal Processing Facility
Lump Coal Facility
Non-Coal Storage Yard
ffi
eresseeffgfeF
WHR Tank Seam Fan
eea$terage+in
Powder Magazine
Water Tanks & System
Ivaine-Fan
Lump Coal Storage Pad
Equipment Wash Pad
Shower House
Antifreeze Storage Tank
WHR Blind Canyon Seam Fan
Wild Horse Ridge Conveyor Belt
WHR Substation
@
WHR rila*er&Fuel Tanks
WHR Coal Storage Bin
Power Lines
Water Lines
Pofrrble+an
Fuel Containment Enclosure
ffi
Mine Portals

10/83 6t84 2
9182 4/83 3
4/83 7t83 3
6/80 4/84 3

7189 9t8p. 9
t2t3u05 l0

4/87 $/g+ {+
9182 containerized
8/82 rU82
w? {lJS+-
8192 t0t92

10192
7/94
r/94
t2/3U05
12/3v0s
r2/3U05

3/80
rU89
t0/83 9t84 4

6/80 3
12/89 5

12/85 6
t2t85 6
9184 7

#8e I

+2/311Q5
l2/3r/05 t4
12l3t/0s
12l3r/05
r2t3U05
1+/31145 +L
r2/3v05

4/80
l0/83
3/80
#8e

8192
5/93
12t93
7/4101
7t4/01
7t4/01
7/4./gr
7/4/0r
7/4t0r
7/4t01
7t4/01
7/4/gr
714/0r

13
+4
l 5
16
l7
l 8
l 9
I
t 2

v y?
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The location of each of the listed structures is shown on Plate 5-2, Surface

Facilities. Co-Op has sought interim approval for each structure in the course of

construction. Hydrologic safeguards have been implemented and are described in

Chapter 7 and shown on Plates 7-1A through 7-1G. Topsoil has been removed and stored

as shown in Chapter 8, and interim revegetation has been completed where the earthwork

is at final grade. Health and safety standards are implemented as per MSHA standards.

The support facilities will be operated in accordance with the Bear Canyon Coal

Mining and Reclamation Permit.

All of the structures are to be reclaimed during reclamation as described in

Chapter 8. In order to consolidate all previous plan submittals, current photographs were

taken 5/90 and are attached herein. A brief description of each facility follows under

"Facility Description".

FACILITY DESCRIPTIONS

l. Sales/Receiving/Scales Office/Caretaker Dwelling. This structure contains the

parts warehouse, parts receiving, scale offrce, mine offices, and the Caretaker

Dwelling. See Photo #1.

2. Fuel Tanks. There are three 10,000 gal. fuel storage tanks installed at the

downslope of the shop area. These tanks are contained within a natural berm of
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the slope with the only access by way of the disturbed drainage ditch leading

directly to the sediment pond. The pond is designed to contain any spillage which

could foreseeably occur. The area will be posted " No Smoking " and fire

extinguishers are in place. All MSHA safety standards will be adhered to. See

Photo #2.

3. Truck Loading Facilitv. The truck loadout is a conveyor system designed to load

tactor-trailer trucks from any of the storage pile areas. It is electrically

manipulated so as to minimize spillage. The area is cleaned of spilled coal as

needed. All runoff is routed to the Sediment Pond "A". See Photo #3.

4. Oil/Dry Slack Loading Facility. The slack loadout is designed to handle oiled and

non-oiled stoker coal, primarily for non-commercial clients. It includes a 20,000

ton storage bin with an electrically operated auger to load small tonnages. The

bin is fed by a hopper and conveyor, which is loaded with a front end loader. See

photo #3.

5. Coal Storaee Area and Stackine Facility. The coal storage yard is equipped with

a system of conveyors wherein coal can be segregated according to size. This

storage is of a short-term nature; the piles are constantly being consumed and

replenished. The area also contains two 6,000 gal oil storage tanks, which are

used to store oil for stoker coal. All run-off is controlled, and passes through the

Sediment Pond "A". See Photo #3.
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6. Conveyor Structures. These conveyors are the route by which the coal exits the

mine to the storage piles and loadouts. See Photo #3.

7. Shop/Ivlachine Shop. The shop building is for servicing of both underground

and surface equipment. The building is heated with a coal fumace and is

equipped with standard heavy equipment handling implements such as

winches, welders, etc. See Photo #4. A new machine shop (30 ft by 40 ft)

was added in 1989 to better facilitate mine related repairs. See Photo #5.

8. Coal Processing Facility. This facility is primarily a coal sizing site where the

various sizes of coal can be made and then stacked in the designed locations.

Runofffrom this area is routed to the Sediment Pond "A". See Photo #6-

9. Lump Coal Facilitv. This structure consists of a storage bin and loading

conveyor. See Photo #6.

Non-Coal Storase Yard. This area is utilized for all material which is in storage

on the property with projected use and/or salvage value. Runoff from this area is

routed to the Sediment Pond "A". See Photo #7.

10.
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11. Transformer Substation.

and undergreurC faeilities, r\ fenee :s mdnkrired areund the strueturq ard

tlre aree eemplies wi*r MSH* hedth and safeb- standards. -fhis structure has been

reclaimed See Photo #8.

Ull. WHR Tank Seam Fan. The Wild Horse Ridge Tank Seam Fan (Shown in Photo

#10) was the old Blind Canyon Fan and is MSHA approved. All safety guards

are maintained and in place.

. Coal Storase Bin. Tlds strueture eensists ef e 20 ft X 20 t srrge bin te reeeirre

eed frem the undergreund eenveyers prier te traveling te tlre eruslrer, Tlre

strueture is eerrpletelrenelesed in erder te eentsel eeal fines, I'his structure has

been reclamed. See Photo #ll.

. Powder/Cap Magazines. This structure consists of a fire proof storage

housing. See Photo . These structures comply with all requirements for Type

2 magazines as described in Sec. 1102, United States Code, Chapter 40,

Subpart K - Storage, Section 55.208.
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l5+4. Water Tanks. These surge tanks are a part of the culinary water supply system.

See Photo #13.

. Lump Coal Storage Pad. This structure consists of a concrete pad and concrete

retaining walls. See Photo #15.

. Equipment Wash Pad. This structure consists of a concrete pad with a grease and

oil trap. The grease and oil trap will be cleaned quarterly to prevent material buil-

up. Material will be disposed of in the Emery County approved landfill. See

photo #16.

$2e. Shower House. This structure consists of a two story masonry block building that

houses employee showers, training classrooms and offices. See Photo #17. The

waste disposal system is discussed in Appendix 5-N.

. Antifreeze Storage Tank. This consists of 2,000 gal storage tank. Antifreeze

solution is used to spray truck hoppers during periods of cold weather to prevent

coal from freezing in transit. The tank is enclosed by a metal structure to hold the

entire tank capacity in the event of a spillage. See photo #18.
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20n. WHR Blind Canyon Seam Fan. The WHR Blind Canyon Seam Ventilation

Fan came from the old Tank Seam mine and is MSHA approved, and all

safety guards are maintained in place. See photo #19.

2121. Wild Horse Ridee Conveyor Belt. This structure tansports coal from the

Bear Canyon No. 3 Mine to the tipple facilities.

22%. WHR Substation. This facility supplies electrical power to the surface and

underground facilities operating in Wild Horse Ridge.

kr^tdled te dlew %r the widenine ef the ueper Tar{( Searyr aeeess read,

23* WHR Water and Fuel Tanks. These tanks are used to store vra*ersr#diesel

tuel. .

The fuel tank is used to refuel diesel equipment used in the operation of the

No. 3 Mine. M+he+ld+S..+ine

24* WHR Coal Storage Bin. This structure is used for coal surge capacity from

the Bear Canyon No. 3 and 4 Mines. It consists of a metal storage silo

approximately 30' diameter.

0U0t/07



o

zsx. Power Lines. Power is supplied to the mine facilities through high voltage

power lines. The line pole locations are shown on Plates 5-2A through 5-2G.

26D. Water Lines. Water is supplied to the mine facilities with the use of a piping

network. Water lines are shown on Plates 7-1A through 7-lG.

3€.

anxiliary fan te the Bear €anyen #l \{ine Fan,

U+1. Fuel Containment Enclosure. This structure is designed to contain material

from the storage tanks if they should rupture. There are three tanks located

within the enclosure, two 11,500 gal tanks and one 17,500 gal. The enclosure

will consist of the base and 5 walls each2'6" high enclosing an area of 1,500

ff. the structure will hold over22,000 gal. Calculations are shown below.

V,.q: 17,500 gal. * l. l :19,250 gal : 2,600 ft3

Enclosed Area : 1624 t(.

11,500 gal. Tank area = p* (7 ft)'= 155 ft2

Containment Area : 1624 - (2*155) : 1,314 ft2.

Wall height :2,600ft3 l3l4 f( :2 feet + 4 inches freeboard

Actual wall height :2 feet 4 inches.

Spill material will be drained out the bottom through a pipe with a locking valve

and transported and disposed of in accordance with all state and federal
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regulations. The enclosure will be checked weekly and drained of standing water

if needed. Details of the design, maintenance, and spill disposal can be found in

the C.W. Mining SPCC plan.

and eenveyer; rvhieh eenveys eeal frem the Tarf,< Sern Mine te the BtirC

The bear eanyen #2 mine; has three pertels (Flee 3 4€); thet have been reelairred,

The Bear Canyon #3 and #4 Mines, in Wild Horse Ridge, will have a total of six

portals (Plate 3-4A and 3-4C), all located in Bear Canyon.

A Summary of the Portals are as follows:

Blind Canyon Seam -+eareanyen

Existing

34

Preposed

Tank Seam

Total
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Photo #l Sales Receiving - Scale Office

Photo#2 Fuel Tanks
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Photo #3 Truck Loading Facility, Oil Slack Loading Facility, Storage & Stacking Facility

Photo #4 Shop

0t/0U07



Photo #5 Machine Shop

Photo #6 Coal Processing Facility, Lump Coal Facility

5.A-13 0U0r/07



Photo #7 Non-Coal Storage Yard

This structure has been reclaimed
Photo #8 Transformer Sub-Station
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Photo #9 €r€ss Wild H

Photo #10 WHR Tank Seam Fan
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This structure has been reclaimed.
Photo #l I Coal Storage Bin

Photo #12 WHR Substation



Photo #13 Water Tank

Photo #14 WHR Fuel Tan
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;3.

" 
' \ 'ar*:

i  - . -

Photo #15 Lump Coal Storage Pad

Photo #16 Equipment Wash Pad
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Photo #17 Shower House

Photo #18 Antifreeze Storage Tank



Photo #19 WHR Blind Canvon Seam Fan

Photo #20 WFIR Coal Storage Binffi



Appendix 5-B

Culinary Water System

o
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Culinary Water System

Co-Op, on September 1983, applied for a change of Point of Division place and

nature of use of water Right A-35836 (93-1067). The application was approved on

September 28, 1984. The purpose of the application and the change was to facilitate a

new mine located in Bear Canyon SEl/4,SEl/4, Sec. zz,NEll{ NEI/4, Sec.27 T165,

R7E, SLBM.

On June 10, 1985, and application for a change in nature of use was submiued to

the Division of Water Rights to incorporate culinary (domestic use). Anticipated usage

of the system is a potential of 2 families, and as many as 40 miners on 3 different shifts.

Water is trapped in a portion of the old works of The Bear Canyon Mine. This

mine was abandoned in the 1920's. The resulting of abandonment created a sump which

is recharged through a number of seeps associated with regional faulting. A | % in. PVC

schedule 40 pipe was installed to gravity feed a 10,00 gal water storage tank located at

the fan site. A distance of approximately 360 ft transversing the existing mine. This pipe

is buried on all working areas of the mine to a depth of 4 ft.

Laboratory analysis of the water indicates that it is of a suitable quality, and a

sample sent to the Department of Health to determine bacterial content, indicated "O"

count.

B.C. 5B-2 810U02



o

The culinary water line is shown on Plate 2-4. Copies of the system as approved

by the Utah State Division of Health, Safe drinking water Committee are included in the

following pages of this appendix.
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SUBSIDENCE CONTROL AND MONITORING PLAI\

SUBSIDENCE

Subsidence can normally be expected to occur over areas where second mining

has taken place @illarirng). See R645-301-523 for mining operation. Based on the

geologic intemrptions within a mine, subsidence becomes very difficult to predict, due to

the variable nature of the mining panels. However, Figure 5C-l will give an estimate of

the maximum subsidence at may be expected in mine

studied in the Western U.S. Maximum subsidence for an average anel

in the Bear Canyon Mine has been estimated from Figure 5C-1, using the criteria shown

in Table 5C-1. For longwall panels. due to their ability to unifbnnl), rernove the coal.

subsidence predictions are more accurate and there is less surf-ace impacts. An analr-sis of

subsidence ell'ects from lclngwall mining specific to the Bear Canyon Mine reserves in the
'fank 

seam and f"liawatha seam is included as Attachment 3. Attachment 3 mentions

additional reserves. these reserves are located in the Blind Canyon. ilre cumultrtive

affects ol'sr.rbsidence. based on Attachment 3 for the Tank and Hiawatha seams. and

Attachment I fbr the Blind Canyon seam. is shown on Plate 5-3. Subsidence has been

estimated based on the number of seams mined in the are

scenario fbr mine la),out and barrier pillar sizing.

For all subsidence oalculations. and in determining the affected area an angle of

draw of 22.5' was used, Past experience in this area shows no indication that subsidence

would be this drastic. historically mines in the area have experienced an angle ot'draw of

approximately l5' .  Based on l8 ) iearsol 'subsidence evaluation atthe DeerCreek Mine

it was determined that l5' was an acceptable angle ol'draw. Their evaluations showed

that onlLorre area reported an angle of draw varying fiom <0" to 28" all other areas

varied from <0" to 22'. w.ith the <0'to l5' range beinq quite common. Due to the fact

that the Bear Canyon mines are located across the canlion liom the Deer Creek mines.

and that all of the variables that exist with in the Deer Creek mines exist in the Bear

Can.v-on mines similarresults are expected. The maximum angle of draw o1'25" to 30'

quoted in Attachrnent 3 is the maxirnum angle of draw leponed b), the USBM study. for
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two seam extraction. between lbulted areas. and is noted as being higlrer than average.

lJased on existing data fiom the Deer Creek mines and the Beal Can.von mines the 22.5'

being used will project subsidence outside of the actualallbcted area" and is acceptable.

o actual subsidence has been noted from areas pillared b), room and

pillar rnethod in the Bear Can)'on #l Mine as much as 40 years ago, and the subsidence

monitoring network initiated in 1987, has shown only minor (0.47 ft max 1992)

variations in elevation. Based on this, little, if any, detectable subsidence is expected to

become apparent when mining under these depths. Some minor fracturing and an

escarpment rock fall have been noted in the adjacent Trail Canyon Mine area, and

although these are assumed to be mine-related, they occurred in areas of relatively low

cover and unknown outcrop protection. Only minor fracturing has been noted in relation

to the Bear Canyon Mine (see Plate 5-3).. Based on this and on the environmental

fiiendl.v desisn and mining methods being used. f-erv surface f"ractures are anticipated.

T'he rnzrin aftbct will be a unifbnl loivering in elevation.

Attachment 2 contains an evaluation of the escarpment stabilitv tbr the Bear

Canyon Mine Area. 'Ihis report divided the Castlegate sandstone into 158 cells

approxlmately 200 i l .  wide. Full  extraction mining has taken place uncler cel ls 104-l l l

and no escarpment failure was noticed. 
'I'hese 

cells rvere rated as stable in the report.

Addit ionall) ' ful l  extraction mining has taken place under cel ls 2l-34 and only one

escarprnent 1'ailure was noticecl. This carne fiom cell 32 which is rated as having a high

instabili$'I'actor. Cl. W. Minirrg personalclnl,v noticed one large rock f-all accornpanied by

smaller gravel sized rocks and dust. once the initial rock hit the slope below the

escarpment. All raptor nests are located in cells rated as stable except nest 920 inside cell

4 whiclr has arr instabilit.v rating of medium. Based on this. few irnpacts are expectecl to

raptor nests. Flowever a mitigation plan will be developed for all rrest located inside the

potential subsidence area as c{escribed on page 3-68.
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Table 5C-l Estimated Maximum Subsidence

u-38727 u-61049

BLIND CANYON
SEAM

Panel Width
Average Depth
Width/Depth Ratio
Seam Thickness

Maximum Calculated
Subsidence

HIAWATHA SEAM

Panel Width
Average Depth
Width/Depth Ratio
Seam Thickness

Maximum Calculated

TANK SEAM

Panel Width
Average Depth
Width/Depth Ratio
Seam Thickness

Maximum Calculated
Subsidence

Total Calculated
Subsidence

45#ft. 454F'ft. 4.51r

4.5{J ft. 1.7 Hft.

600 ft.
800 ft.
0.75
9ft.

5.4 ft.

600 ft.
860 ft.
0.75
5f t .

3 .2 f t .

Mining
Questionable

Mining
Questionable

6s0 ft.
1,400 ft.

0.46
7f t .

650 ft.
1200 ft
0.54
9f t .

Not Minable

650 6se ft.
LrLOO 9se ft.
0J60.68

7.5 ft

Not
Minable

1600 ft,
0.40
t4 f t .

5 ft.

Not
Minable

Federal
Lease

1600 ft.
0.40
14 ft.

5 ft.

6s0 ft.
s60 ft.
t . l6
8f t .

Not
Minable

).) ft.

t4.t ft. 10 fr.
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MONITORING

Since subsidence may occur over any underground extraction, a monitoring

network was installed in the summer of 1987. and has been monitored since that time.

Monitoring stations are steel rebar with aluminum caps, set in concrete so weather, frost

heave or wildstock/wildlife will not disturb them. Location of monitoring stations are

shown on Plate 5-3.

Ten permanent subsidence monitoring points (SMS-I thru SMS-5, Con 6, and

SMS-7 thru SMS-10) are located on the mine site area. Before expansion into the Federal

Lease area U-023416 the subsidence monitoring plan consisted of 3 monitoring points

(SMS-I, SMS-2, and SMS-3) in the Bear Canyon Permit Area, a fourth point SMS-4 in

the Trail Canyon Permit Area, and a Control Point CON-5, located outside the mining

area. SMS-I, SMS-3, and SMS-4 are common to both the Trail Canyon and Bear

Canyon Permits. CON-6 and SMS-7 thru SMS-10 were proposed in 1990 and

established 22 September 1991. CON-5 became an additional subsidence monitoring

point (redesignated SMS-5). The location of all existing and proposed points are shown

on Plate 5-3.

15 additional monitoring points were installed on Federal Lease U-024316. These

are shown on Plate 5-3 as points l l through 24. 26 add+tienal points vdll+e re added

to Wild Horse Ridge (Nos. 25 through 50) to monitor subsidence on Federal Lease U-

020668 andU-38727.7 points were added in and around Lease U-61049 (Numbers 51-

57). Above the first long-wall panel 1l points were established at a spacing of 50 ft
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going across the width o1'the panel (points 25A-K) in order to determine if subsidence is

fbllowing the predicted pattern. Potential points rvere trlso selected above the 2"d and 3'd

longwall panels and will continue to be selected above each of tlre parrels one )'ear prior

to mining at a spacing of 250 ft as recomrnended in Attachment 3. The actual spacing

and location of these points ma), change based on the results fiom points 24A-K. and on

the .vear[), analysis that will be perfurmed. If subsidence occurs as anticipated the spacing

o1'250 ft rv'il l continue. If it does not additional points rvill be aclded to deterrnine the

behavior, and our subsidence model will be updated. At a minirnurn I point r,vill be

Stations shall be monitored. and evaluated yearly for changes in elevation. This

evtrluation will include the current vear and the nrevior;s two vears At a ntinimum. In

addition, a field investigation shall be made yearly of the mining area (including

escarpment areas), and any obvious subsidence or mine related surface effects will be

noted and located on a map. A copy of the results of the subsidence analr-sis. survey and

map will be available for inspection at the office, and a summary of the suflrcy results

will be sent to the Division with the Annual Report.

MITIGATIONiPROTECTION OF POTENTIAL IMPACTS

Mr. Larry Dalton, Resource Analyst Utah Division of Wildlife Resources and the State's

foremost authority on potential impacts of subsidence on wildlife, inspected the site in

June 1984. The results of that investigation, as well as others. in part are as follows:
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posi+i*Ae{spe€ts;

On the negative side: Loss of riparian area and/or water sources and state appropriated

is of greatest concerno followed by loss of vegetation from methane

gas leaking to the surface from an underground works. Considering the lack of riparian

area or water sources above the coal seam, this concern is not warranted fbr most areas.

I-here are two area of concern above Irish Creek in section 19 as shown on Plate 7-4.

'l-lrese areas will be monitored lbr loss of water as i1 is being underntinecl. Seeendly, ln

regards to methane gas Co-Op has never encountered methane gas underground so there

is little concem relative to potential vegetation loss. , the

loss of nests due to escarpment failure.

On the positive side: The tension fractures resulting from subsidence along the steep side

hills are frequently utilized by big game as movement corridors. The fractures and rubble

provide escape cover for a variety of wildlife species as well as additional habitat for

burrowing and denning animals. While there is concern over the potential loss of nests as

a result of escarpment failure, there is also a potential for additional nesting sites to be

created through this gravitational shearing of escarpment surfaces.

PROTECTION

In order to protect water resources and state appropriated water supplies 1'rom

impacts C. W. Mining has desigr-red their mine la.vout so thtrt areas where these resources
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exist w-ith less then 900 feet of overburden between the resource and the coal" the

resollrce will be outside of the aff'ected area. Based on the mining handbookr and past

historJz. 900 feet of overburden is sufficient to prevent adverse affects to the resource.

(r Lowrie. Ra)imond L.. ed. 2002 "SME Mining Ref'erence Flandbook" pp. 256)

Additionally in the areas whele perennial streams exist above the atfected area C.

W. Mining will increase the monitoring of these areas to a weekly basis one month prior

to mining in the area. This weekly rnonitoring will continue until one month after mining

has left the area. Monitoring will then be reduced to once a month for an additional 6

months at which time it will reslrme its normal schedule. This increased monitoring will

include the sites FC-2. FC-3. FC-4. FC-5. and SCC-2 for the right fork of Fish Creek. and

IrC-1.  FC-6.  SBC-I8.  SBC-16.  SBC-164.  SBC-168.  SBC-20.  and SBC-21 for the le f t

fbrk of Fish Creek.

This rnonitoring will take place as each panel passes under the area. Durins the

rnonitoring rveekly reports will be sent to the Division via email.

In potential escarpment t'ailure areas containing raptor nests C. W. Mining will

develop a rnitigation plan by.fullz 1.2007 as described on page 3-68. The plan will be

included in Appendix 3L once it is complete.
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MTTIGATIO

Notification

During operation, all owners of property within the area that could be impacted by

subsidence shall be notified by mail six months prior to mining beneath their property and

be informed of:

Specific areas mining will take place

Dates of underground operations that could cause subsidence in the area.

Measures to be taken to prevent and or control adverse surface effects.

Co-Op further commits to the following course of action should subsidence cause

any material damage or a reduction in value of structure or land.

a. Restore, rehabilitate, or remove and replace, to the extent technologically and

economically feasible, each materially damaged structure, feature or value

promptly after the material damage from subsidence is suffered, to the condition it

would be in if no subsidence had occurred and restore, to the extent

technologically and economically feasible, those surface lands that were reduced

in reasonable foreseeable use as a result of such subsidence to a condition capable

of supporting before subsidence; or

b. Purchase the damaged structure or feature (except structures or features owned by the

person who conducted the underground coal mining activities) for its pre-subsidence

fair market value. The person conducting the underground coal mining operation

a.

b.

c .
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shall promptly, after the material damage or reduction in value or reasonable

foreseeable use from subsidence occur, to the extent technologically and

economically feasible, restore the purchased structure or the structure owned by the

person conduction the underground mining operations, restore those surface lands that

were materially damaged or reduced in value or reasonable foreseeable use by such

subsidence, to a condition capable and appropriate of supporting the structure, and

any other foreseeable uses such surface lands were capable of supporting before

mining. Nothing in the paragraph shall be deemed to grant or authorize an exercise of

the power of condemnation of the right of eminent domain by any person engaged in

underground coal mining activities; or

c. Compensate the owner of any surface structure in the full amount of the

diminution in value resulting from subsidence, by purchase prior to mining of a

noncancellable premium prepaid insurance policy or other means approved by the

Division as assuring before mining begins that payments will occur; identiff

every person owning an interest in the surface for all damages suffered as a result

of the subsidence; and , to the extent technologically and economically feasible,

fully restore the land to a condition capable of maintaining reasonably foreseeable

uses which it could support before subsidence.

d. The area will be monitored on an annual basis, and field investigation will also be

performed at that time. If escarpment failure is observed in areas where no

escarpment failure is anticipated,

immediate evaluation <lf the eaffected area, be
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performed to determine the cause of the failure, and any necessary remedies or

protection required. The DOGM and the U.S. Forest Service, Price District Ranger

would be notified of such an occurence. An escarpment stability study is irrcluded as

attachment 2.
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a-0243r6

Mining is projected within the vicinity of Bear Creek in Federal Lease U-0243I6.

An additional concem over escarpment failure has been raised by the U.S. Forest Service;

therefore, the following discussion will address the potential for such failure.

The steep area of Bear Canyon in the S.W. corner of Section 13 is approx 1200

feet above the coal seam (See Plate 6-10). To prevent subsidence to Bear Creek and the

adjacent ledges, no retreat mining was conducted East of the in-mine fault paralleling the

section line between sections l3 and 14. T.l65.. R.7.E. See Plate 3-4C.

This Protection Zone was determined by examining the angles of draw. Figure

5C-2 shows angle of draws plotted against depths for various mines within the general

area of the Bear Canyon Mine. Based on this information, an average angle of draw of

22.5" was used.

Plate 5-3 shows the areas which will potentially be affected by subsidence. None

of the area within Federal Lease U-024316 is included in this potential area..

Within the lease, pillars were developed on 80'centers minimum. This pillar size

was evaluated using the "Analysis of Retreat Mining Pillar Stability (ARMPS)" software,

developed by the National Institute for Occupational Health and Safety. A pillar stability

factor of 1.54 was determined, which shows the pillar size to be adequate to prevent

subsidence of the ledees and Bear Creek. NIOSH research has found that in 94Yo of all
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case studies stability factors greater than 1.5 have provided long-term stability (Mark,

1997), showing that pillars with safety factors above 1.5 are adequate to hold the weight

of the overburden, thus preventing subsidence. Monitoring of the ledges for subsidence

subsequent to the development on this lease has confirmed that no subsidence has

occurred, and no escarpment failures have been observed.

Outcrop protection has been increased to a minimum of 200 feet in this area tffi€e

R64'$e€l-52+aeq This is consistent with other mines in the Wasatch Plateau, and

with the exception of some longwall operations, has been shown to be effective at

preventing escarpment failure near outcrops.
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Figure 5C-2

Subsidence Factor Versus Mining Depth
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As with Federal Lease U-024316,lease stipulation requires mining to be

conducted in a manner to prevent hazardous conditions such as potential escarpment

failure.

The uppermost escarpment in the Wild Horse Ridge area is the Castlegate

sandstone, located approximately 800 ft. above the Tank Seam, and 950 ft. Above the

Blind Canyon Seam.

To prevent subsidence to these escarpments in areas where it has been detennined

escarpment failure would be a hazardous condition, a barrier zone will be left in which no

retreat mining will take place. The width of this barrier was determined using an angle of

draw of 22.5' (See Figure 5C-2 and attachment 2).

ffi Plate 5-3 shows the ticipated zoner*,hieh=will-be

amee++fsubsidence contours, and the Castlegate Sandstone, located eutside+f+his

This-zone-is-dselnd ivid ual seam subs idence contorrrs are

shown on Plates 5- I A. 5- l B. and 5- I C to show the relationship between the development

and retreat panels. W, Therefore; this pillar size will be adequtte te prevent subsidenee

is

in
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inimu*

Using the ARMPS seftware €NIOSH); a minimum pillar stabilib" faeter ef 1,58 was

detemined

There area two areas within these leases and a third area just outside of tlie leases

where it has been deterrnined that escarpment failure does not present a hazardous

condition. 
'['he 

locations of the areas are in the left fbrk of Fish Creek where it runs

through lease [J-020668. and []-38782. as well as an area at the top of the left fork of F'ish

Creek.iust outside o1'two port ions ol ' lease LJ-61049. and in the left fork ol 'Bear Creek

where it runs through lease U-61049. These areas as well as additional areas clf been

studied and modeled fbr rock ltrlls. T'his studv is included as Attachment 2. A sumn'larv

and discussion of these result are included Or*

f-alls are shown on Plate 5-3.

Sumrnary of Rock lrall Ana.vlsis
Section Distance to Stream Bed Maximum Rockf'all Distance
A-A' 2.050 ft.
B-B' 1.674 ft.
C-Cl' 2.600 ft.
D-D' 1.980 ft.
E-[_i' 450 ft.

Section A-A'

'l'his 
area is located above the old Bear Canyon #l and #2 mines. It was used to calibrate

the model

Section B-B'

This section is located on the point of Wild [{orse Ridge. It was initiall), selected because

it renresented the steepest slope u,ithin the affected area. Horvever as urining proceeded
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towards this area it was discovered that there was active burning so mining stopped and

never reached this area. l'his area will however be impacted b.v natural subsidence

resulting frorn the natural burning of the coal.

Section C-C'

This section is located on Wild Horse Ridge against the left fnrk of Fish Creek near the

south-east end of U-38727. lt was selected because secondar.v mining will take place

under this area and also go out past the escarpments. The escarpments in this area range

fbrm 0-80 feet. The cross-section was placed where escarpments were the largest and the

slope was the steepest. Escarpment failure will occur in this section. however based on

models. the failure will not reach tlre stream channel so no water impacts will occur.

T'here will holryever be loss of vegetation in the path of the rock f'all. This will have

minimal aesthetic impacts since there is little vesetation along the slope and also because

escarpment failure happens naturally along Fish Creek so any areas would still match the

appearance of surrourding areas.

Section D-D'

This section is located on Wild Horse Ridge against the left fork of Fish Creek near the

north-east end of U-38727. This section represents the transition area where subsidence

contours are beginning to move from under the escarpments to adjacent to the

escarpments. and then away from the escarpments. The escarpments in this area range

from 80- 160 feet. Any escarpment failure in this area will not reach the stream channel

so impacts are the same as section C-C'.
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Section I:l-E'

'I'his area is at the upper porti<ln ol the right fbrk of Fish Creek between the two segments

ol L.ease U-61049. Fish Creek is a box can),on and the escarpments in the area that will

be impacted are the stream bed. The escarpments range from 160-240 feet. Since the

escarpments are the stleam bed any escarpment failure would have an impact on water

resources. f{oweverthe impacts would be quickly dissipated since f.low are minimal in

this arc.a ( l0-30 qpm). l-ittle vegetation impact is expected because of the shod slope

distance and the lact that rvater has eroded rnost ol'the soil in the area leaving exposed

roclt ledges.

Lease stipulation 2l recluires the replacement of all water sources identified for

protection. F'igr"rre 5C-3 shows all water sources identified lbr protection. lrr aocordance

w'ith the lease stipulation all sources identilled rvill be replaced if impacted. Several of

the sources iclentified are rvithin the subsidence area and have been selected as water

monitoring points as shown orr Plate 7-4. The relationship between the water nronitoring

points arrd the names iclentified on figure 5C-3 is outlined below.

F. S. Name Monitoring Name Location
I . f : '  F ish  C l r  3 SBC- I 6 lnside subsidence ztrne
l -F Ir ish Clr 2 SBC-I6A lnside subsidence zone
LIr l i ish Cr I sBC- l6u Inside subsidence zone
RF [ j ish C]r SBC- I  8 Inside subsidence zone
Wild l{orse Ridse SBC-22 Inside subsidence zone
Wild l{orse Bclurrdar.v hone (tnsrrectcd rvirh l'c-6) Outside subsidence zone
E McClaclclen none (tnspected rvith [,c-6) Outside subsidence zone
Salt Shack none (lnsrrected l,ith I.(:-6) Outside subsidence zone
S McCadden 

'Irough 
SMt'{-3 Outside subsidence zone

Mc(ladden Rdg'frourgh SMH-2 lnside subsidence zone
Upper Bear Can Trouglr SMH-5 Outside subsidence zonc'
COOP lldr.y" South East none (lnsrrecrecl rvith l,c-7t Outside subsidence zclne
COOP Bdr.v South Mid none (tnspected rvith l,ct-zl Outside subsidetrce zone
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COOP Bdry South West none rnseected witn nc-zl Outside subsidence zone
COOP Bdry North none rlnsoecteo wittr pc-gt lnside suhsidence zone

McCadden Hollow none rtnsoected with sun-+l lnside subsidence zone
Gentry Mt Pond none Outside permit area
Sawmill Pond none Outside permit area
Sawmill Trough none Outside permit area
Head McCadden Trough none Outside permit area
Upper Trail Can none Outside permit area
Trail Can Trough FBC-I Outside subsidence zone
Trail Canyon none Outside subsidence zone
South Trail Can Spg FBC-8 Outside subsidence zone

References
Mark, C., and F.E. Chase
Analysis of Reheat Mining Pillar Stability (ARMPS). Paper in Prcceedings on New Technolory
for Ground Contol In Retreat Mining,1997, MOSH pub. 97-133,pp.17-34.

Figure 5C-3 Forest Service Protected Water Resources
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o ANALYSIS OF RETREAT MINING PILLAR STABILITY (ARMPS)

By Ghrlstopher Mark, Ph.O.,' and Frank E. Chaset

o

ABSTRACT

The prevcntion ul'pillor squeezcs, massivc pillar collapses, and bumps is critical to safe prllar rccovcry
ofrcrarrons. 

'fo lrclp prcyen( thcsc underglound salbty problems. thc Pitsburgh Rescarch Cenlcr has dcveloped
rhc Analy.sis of Retreat lvlinrng Pillor Stsbility (ARMPS) computer program. ARMPS calculates stability fac-
ror.s (.SF) bascd on estimates of thc loads applied to, rnd the load-bearing capacities of, pillars during relreat
nuning. Thc prograln can rnodcl the significant fcaturcs of most rclreal rninrng layouts. inclurl irrg angled
cr()sssurs. varrcd spacings bctwccn cntrres, barrier pillars belween the active scction and old (srde) gobs. and
slab cu(s in rhe barricrs on rctrcat. It also featurcs n pillar strength fornrula that considcrs thc grcalcr .strcngth
of rcctangular pillars. The prograrn may bc used to evaluale blcedcr design.s. as rvell as flclrvc workrngs,

A clnra hase ol' t40 pillu retrcat case histories hrs been collcctcd ncross thc United Statcs to vcrrt'y the
program. [r was found that satisfactory conditions wclc vcry rarc whcn the ARMPS SF rvas lcss lhnn 0.?5.
Convcrsely, very fcl ulrsctisfactory dcsigns werc found whcrc thc ARMP.S SF was Srcfltcr l l tan 1.5.
Prclrminary analyscs also indicate that  p i l lor  fa i lures 0rc more l ikc ly bcncrth sandstonc rool 'and that thc

ARMPS SF nay be lcss meaningful whcn thc depth ol'cover ercccds 230 m (750 ft ).

'Mtniog engrncct
'Geologrsr

Prnsbur!h Rcscrrch Clrnrcr. Nrtronal lnsrtutc for Occupationrl Solcty rnd Hcalth. Piusburgh. PA.

o



o
The usc of rcnrotc-cootrol conuouous miners, cxtended

curs, and nrobrlr: rool'supg>orts hus incruased the productivity
ol rrlom-and-pil lar rutrcat nrinrng (also rcferred to as "pil lar-
rng. '  "p i l lar  rcc()very."  "rohbing."  and "sccond mining' ' ) .  ln
thc southcrn Appalachrnn coall'islds. ntanl' mlnes are choosirtg
roonr-and-prllar rctrr:: lt IntntnB bcc:rusc ol' rts lower copitol
cosl  and greir tcr  t ' lcxrbr l r ry [ ] lark lor :k 19921. Urt lbr tunatcly,
bctwccn 1989 .rntj 1996. 25"1' oJ':,rl l  root'and rib lutulit ics oc'
currcd on pt l lar  lccovsry Scct iot ls.

tlo<ll l'all accrclcn$ are not lhc only problem ossocilted

wrrh retreal mrntng. Mill ions of tons Of coul are steri l ized

]NTRODUCTION

THE ARMPS METHOD

onnual ly  because of  p i l la r  squsczes.  f loor  hc lvc .  p i l la r  l r r rc
roof  fa l ls .  and p i l lo l  bunrp; .  Tr td tuoni r l  l t r l l i . r r  t lc r r r r ' .
rne lhods are o l '  l i t t lu  he lp  duc to  t l rc  cur r rp lcr  mrnrn. r
geometries and abutment prr lssurcs thut nrc prcsgnr t lurr rr_r, l
p i l la r  ur t ract ron.  The Pi t tshurgh l lcss l rch Cr , 'n lc r  hus
dcvu lope t l  t he  Ana l ys i s  o l ' l t c t r ca t  Mrn rng  P i l l i r r  S ta t r r l r t r
(AR t {PS)  compu tB r  p ro - r i r i r r n  t u  a i d  rn  t hs  dcs rgn  r t l ' p r l l u r
rccovcry operatrons. This p.r l)cr dsscrrttus t l te ;rrogrirn irntt
prcscnts  the f ind i r tgs  thu.s  lur .

The goal of ARMPS is to hclp cn$urB thot thc pil lars dc'
rcloped for futurc cxtractign (producrion pil lars) ure of ode'

qualc srze tor all antrcipatud loading con<Jitions, Thc kcy is tO

Dc able to estimale the ntagnitudes of tlrc variOus loads thal lhc

prllrrs rnrglrr uxpencnec througltout t lrc ttt ining pruuuss. 1te

rormulas used in ARMPS arc b$.scd on those originllty de-
vcloped for rhc Anclysrs o[  Longwal l  Pi l l r r  Stabi l i ty  (ALPS)

Artrd. *' l trch rs ,,vrdcly uscrl lur longs'ull pil l :rr dcsrgn [N4ark
J.  19921 At- l rs wi ls rrr i t i l l ly  th. l r rvct l  l ' ror t t  undur,{routtd

l."rurcll lct ' l t i  ol '  lulgwttl l  irhutrttcnl StrcSseS :rnd rvlS lalCr

V;rlrrjatcd hy thc h:ick.rrr:rl} 'sistrl ' t l lorc thirn 100 cnsc historics.

In ARMPS, the formulas havc been extensively nrodificd lor

the variety of mining geomctries typically found in prl lar tu'
covery oPeratrons.

USER INPUT

The firct stcp in using the ARMPS progrnnt ls to cntet lhc

dimensions of the prllars irt thr: working :rccllotl. l ts t i lustr,rt(d
in l ' igure I Thc progritrn catl tccoll lntodttts unglud crossculs.
vuried spacings bt'tu'een tlte cntrtcs. :ntJ bitrricr prll:trr lrtnr:utt

t lt acttvc sCCtiOn and old (side l -ur1b arcur. Slabhrrrg ol t)ittr l(r\

Depth of
slabcut :----] Frontgob

Entry centers tvariablel
Figurr t.-Secticn lryout p.rrmalsrl urrd In ARMPS.

ru
Boundary ol ,
act ive min ing '
zone tAMZ) ;

F rrst
side
gob

Crosscut
angle



I
on rcrcat cnn also be includcd. Other parameters thlt must be
defined rnclude deph of covcr. mining herght. entry width, and
cros.scur spacing. Finally, thc uscr chooses one of four possible
loadmq conditiotts (f igure 2). The simplest. loadrng Condi-
f ron l. rs dcvclopmcnt loadrng only. Loading condil ion 2 oc-
curs whcn thc activc. or "front." plnel is berng fir l ly retreated
,rnd rhcrc arc no adlrrccnt tntttcd-uut i lrea.s. Thc total npplicd
irr,rd ls thc srrrn o[ thc dctcloptrtcnt loads and the front ahutrncnt
loatl Loadrrrgcortdrtrott 3 ot:curs whurc lhc acttve mining z.one
(At\{Z) rs ad;accrrl lo i ln old (sidc) gob and thc pil lars arc
sublected ro tlcvclclpnrcnt. sidc irbutntcltt. nnd l 'ront abutnrcnl

loads Whcre the piltar lrnc is.sunotrndcd hy gob on thrce sitlcs

(sornetrmes teferred l0 us "bottlcncckrng"). loading conditign 4

rs uscd. ln cvcry case. the extcnt of each gob is dcfined by tlte

user.

ARMPS STABILITY FACTOR FOR THE
ACTIVE f t ' INING ZONE

Thc basic oulput frorn rhe ARMPS progrant rs rhe srabrlrr;
factor (SF). dcfincd a.s

ARMPS .SF = LBQLT. ( l)

rvherc LBC = thc estimare<l toral load-hcarrng capacrty of
the pi t lars wi th in the ANiZ.

and LT = thc cstrrnntcd total lolcl irpplictl to prl larr
rv i t l r rn l l rc ANIZ.

Figure 3 iUustratcs lhc dcvcloPtt lct l t  and lront abulmcnt loo<Js

applicd lo thc AMZ.
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a^ The AMZ includes all of the pillars on thc extraction front

|J, "prl lar l ine' ') and exrends ourby thc pil l :rr t ine a distance of

:rve rrmcs rhe squarc root trf t lre rlcptlr trf covcr (5/E). This

Jtrtance waS sclcCtAJ trUcirusc ll)cusurr'tnsllls t)f AbUtmCnt stress

Jrstributrons (Mark t9901 show rhat 90% of thc l iont abutment

ioad falls wrthin its boundarrcs (figuru 4).

ARMPS colculates rhc SF for thc entrrc AMZ' ruthcc thnn

stetri l iry factors for rlrdividual pil lars. bccausc cxpcrrencc hus

ihown rhar rhe pil lars wrthin thc AtvlZ rypic:rl ly bchavc as a

,rr l f f i r .  l f  an rnrJiv ic lu i t l  p i l lar  is  ovct louclcd.  i t  wi l l  nOrmnl ly
.runsfer l ts excess loud to i td l i tccnt pr l l : r rs l l ' thosc l t i l lars arc

. . . tut1uarCly srzcd. t l tu pruccss ct t t ls  l l tcrs.  A pi l lu SqusC?C Oc'

:urs olly rvhcn thc a{laccnt pit lrrrs arc nlsO undr;rSiZcd. They

rben l 'ail In turn, rcsulttng ttt 0 "dotl l ino" Of lOud trOnSfer lnd
prllar l 'ui lure Thc ARMPS .SF is thcrcfore a Incasurc of the

r , r ' c r t l l  s t lb r l r l y  o l ' thc  p r lh r  sys lu ln .

PILLAR LOAD.BEARING CAPACITY

Tlre load-trearing copacity of ths AMZ is calculacd by sum'
:nrng thc load-bcarrng capirct t ics of  n l l  of  thc pi l l iTrs wi th in i ts
noundanes. Thc strungth ol'rn individunl pil lur (Slt) is de3er.
mncd usrng a ncw pil lar strcngth lbrrttuh (thu Mark'Bicnilw-
skr t 'ormula) thut  consic lcrs thc c l 'h:st  o l 'p i l lur  lcrrg( l l

/

,/

I
I

4
\ l

LA

KEY
AMZ Act lve min ing zone
B Abutmont angle
EFW Extraction ftont width
GL Mined out area

Figurc l,-Schcmstic rhowfng the rcuvo mlnlng ronc,lho dcvrlopmcnt lord, gnd tht fronl rbutmcnl bad.

t
I

LD

7HH-YHH f*ggJ

H Oepth of cover
LA Abutrnenl load
LD Development load

wherc .. Sr = in situ coal sllenglh, sssumed = 6.2 MPa
(900 psi),

w . pr l lur  width,

h = pil lnr herght.

nnd L  =  p i l l : r r l cngrh .

The ncw pillar suungtlr tirrrnutlr wils nesdcd becausc the ptl'

lars uscd in retrcal mining are oftcn much longcr thln they lrc
widc. '[hc strength ol'rcctungular pil lars c:rn be srgnrficantlr
grcalcr than square pillurs due to the greatcr conl1nemenl tcll'
erated within them. Thc Mark-Bieniawski formula wis derrvecl
from analyscs of the pillar stress distributions rmplred by ern'
piricnl pil lar slrength forrnulas, A completc dtscusston ol'thc
Mark-Bicniawski  forrnula is includcd in appcndrx A ol ' thts
papcr. fic in situ coal strcngth is assumeil to bs 6.2 lt4llu
(900 psi) in ARMPS: however. this value can he nrodil'red by
the user,

Thc lord-bearing clpacity of the pil larr rs clutcrtttrncrl by'
rnultiJrlyirtg their stronBth lry thcir lrtatl- ltc:urlg irrr ' i t. \\ ' lrt 'rt
i rnglcd cro$\cul ! i  l ru crr tp lovr ' t l .  l l rs : r lgr l r i t l r r r r  st i l l  c ; , r1. ' r : : . r rc,
: rccur i t tc ly cach pi l l i t r 's  ls t r t  t l r r r tgrrs i r : r r .  lc t rgth.  : r l r r t  r , , r . i l
bcantrg nn.n (Ar):

SP = S, [0.64 '  (O.Sc - 0.18 1rv?hL))l ,  Ql



Abu tmer r t
s ! r e s s KEY

H Overburden depth

m Front abutment load applied
lo ths act ive mintng zone

Dcvcloprncnt klads arc cluc to thc rvurght of thc ovqrtrurtlcl
clirectly above thc pil lars belbrc any rutrcat mtnrng rakes placc
The trrbuttry arca thcr,rry is used in ARtr'tPS ro cslrnr;uc dc-
vclopment loads.

Abutment loads occur ns a rcsul t  of  rcrrcar rnrning arrd gob
formation. They are determined by thc dcprh ol'covcr. rhc cr.
tent of the gobs. the width of the crtraction front, and thc abur.
ment angles. These paramelers arc illustratcd In rwo drrncn.
sions in figure 5. Thc abutmcnt anglc detcrmrncs how nruch
load is canied by gob. Measurerncnls o[ longwall aburmenl
sln:sses indicatcd that an abutment angle of 2l '  ls approprrate
for normal clv;ng conditions [Mark 19921. 

'thc 
ARMP.S prc-

gram init ializes lhc abutmsnt tnglcs for all gobs to ? | ".
however. this can be changed by thc user. For cxamplc, t l '  tt rs
known that no cavlng hits occurrcd. tht'n thc ltbttttncnl i l l lSlt l
nrny br: sct to 9()" to sintulatc z.cro lrt itd trartsfcr to l l tt: coh

lClrasc nnd tr ' l irrk l99ll.
The abutmcnt strcsscs ;uu assumc<l to bc dr. ' i lrr ltutud lrt l l t:rr '

ing thc inversc-square funclton shown in l 'rgurc 4' Ahulttrtttt
loads are also applierJ lo barrrer pillars: hor.r'cvcr. iI a barrrcr r.

too small to carry its sharr:. thcn sorttc or t l l  of thc cxcc\s r)

translcrred to lhe AN'lZ.
Thc front abulment load applied to thc AMZ is calculatcd as

follows. The volurne of the overburden lbove thc mtned'out
aclive gob is ths depth of cover multiplied by thc gob arcil 

'l-ltc

portion of this volume whose weighl ts carried by thc gob rs

detcrminpd by thc langent of thc ahutmcnt anglc. as shou'n tn

figurc 5. This portion is subtracted. nnd the rcnlarnder rs shued

between th? AMZ and thc unmincd conl on the othcr lhrcc srcle.s

of the gob. It is assumed that banier prllars (or suhstantral pro'

duction pil lars) orc prcsent on lhc other three srdcs ol' lhc goh

I-oad applied tO thC hnntcrs here rnal'hc tran.rlcrrcd trnck itt lhr-'
Ai\ '(Z if thc harricrs i lrc remclvcd latcr in thr: ntrrt itrg Proctss

' f l ru 
nrngnr ludC oI thc l ront  : lhr l l ! l ' tcnl  l tur t l  ; t1tpl ,c( l  l t )  I ' rL '

r \MZ tS dCtCrtnt t tCtt  t ly  t l tc  cxlCtt t  Ol ' thC c. \ t r ; lc l r r r r l  /crrc ; r11\ l  t l l ( '

dcpth tt l 'covcr. 
' f l tc trtrrtt abutrncltl l t cotlslrlcrcd lull l  <lr: ie

oped if the gob arca is large rclativc ttt l l tc dcptlr ol cuvcr
(figurc 64). lf only a fcw rows ot'pil lrrs havc bccn cxtractcd
(frgure 68). much of the load will bc sarru;d tty thc hack trarrrcr

lf thc futl exlragtign 7.0tlc is r; lthcr nurr()\r '( l 'rgurc 6C). rrrr:clr ul '

thc load will bc sarrtcd by thc stdc barrturs.
The side abutment loads are shared by the AMZ and, if rt rs

present, the banier pillar betwcen thc AMZ and the srdc gob
The inverse-square srsas distribution (figurc 4) lgain rs uscd ro
apportion the load betwcen the barrrcr and the Afvlz Nr'xr. rf
it isdetermincd that the barriers are ovcrloadecl. .sonrc addrtronal
side abutmcnt load is tran.sfencd to thc AMZ.

To determine wheftcr a barricr pillar can cory the load ap.
plicd to it. ARMPS cstimatcs the banicr's SF by drvrtlng rls
load-bcaring cnpacity by rts load. 

'fhc 
rornt lo:ul appticcJ ro a

harricr pil lnr rs rlrc sum <,rf thc dcvelopnrcnt loort. rhc rrnnt :rhri:
lnct t t  lord ( luc lo:rnv s l i r t rhrng. i r rx l  thc srr l r . ; rhtntr t r . l i l  lu;rr !
nppl icd to tht '  l r l rncr.  l l ' thc Sl :  r r  u1g11(.r  t l l i tn t  S.  ;hc h;rrrrcr
is assumcd to l)c s!,rblc, Whun thc hnrrrcr s Sl; rs lrcrrr.ccn I i

Pil lar

2
Pillar

3
Pitlar

4

5on_J
9.3.fr

Figurc 4.-Oistr lbution ol tbulment sttett ,  showlng thai 90%

ol lhc sbutncnl lsllt wilhln the ctlruncc of (svf) trom the gob edgc.

Ao ' [(XCt(l-:c'fR) - (xc)(w.') - iacrnxw,)/(sin 0)'  
. (W.):l(srn 0)), (3)

where XC : center-to-ccntcr crosscut spacing'

ECTR s center-to-centcr entry sPacing.

W. = €1trl width,

and 0 ' anglt bctween the crosscut and thc entry.

The loirrj-blraring capacity ol 'thc pil lar systcnl is then ob'

tarnctj hv suntrtttns tlrc caprcttics nl 't lrc lndivit lual pil lars within

thc Alv1Z. ARtvlFS cnlculatcs the strcrrgllt antt lold'hcaring ca'

pacl!.rrIburrrcr lt i l lars In ]hr: samc manllcr ns thc pancl pil lurs,

crccpt that thsrr lctrgth rs l irtrrtcd to tltc breadth of t ltc AMZ,.

PILLAR LOADINGS

'Drc 
loarhngs rpplrcd to lhe A[Zincludc devcloprnent loads'

abutrnent loads, ancl load.s transferrcd from barncr pillars. Ta'
trle t shows thc sources of loods and thc looding conditions in
which they occur.

Table l.-Loedc lppllcd to thr actlvr mlnlng zonc ln ARifPs

Source of toad
Loadng condUon

t ? 3 i
D e v e l o p m e n t . . . . .  .
Front abutment . .
sroe oob abutrnenls
Transler lronn carlers UelwoBn

acttve .nrnrng rone and gtde goD6
Transfer  t rom remnant bafnefs

xxxx
xxx

xx

between llonl OOO ano SroEqeOS -,-, . X
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Flgure s.-Schemetic rhowing the abutmgnt load in lwo dlmcnslons' A, tuFercrltlcsl gob: 8,

subcritlcal gob.
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o ,urt1 i l  5 ;r pnpglon (t l  l ls ir l ru1l1tart,  kl i rr . l  rs tr i tr t .sl trrcd to lhc
. \ \ 17  l l r hc  S l j  r r  l c ss  t h : rn  (1 .5 , : t l l  r r l ' l h r :  l r r l t l l t i r r nu l  su l c ; r b r r t -
r : ' l c i l l  i ( r . i ( l  l l r r r t  nr r t  l l rc  t lc r r , .k rgr111g311 r t r  l ' f r l r l l  ; r l r t r tnrcn l  l tu r r l )  is
t r i lns lcr rc( l  lo  thc .  A lv lZ

Thc l'inal s()urcus ol'ltntl on lhs Al/,zan: thc rernnflnl txrnicr
pt l lars rnhy thc prl l l r  l i l rc (tre trvccn thc lrolrr and.sit tcgohs). l f
thc rurrrnant hrrrrcr.r ilrc til) srniltl t(l curry thcir loacl. sornc pilrt

n f ' r f  r s  r c t u r n c d  l o  t l l q  A \ 1 7 .  
' l ' l t e  

t l c C r s r 1 1 r l  ! r , , r , 1 1 \ l . , r  t f 1 c  t ( r ; r ( ]
; u l ( l  l t ( t $ ,  r t t r t c l t  r r  l u ru t l  r rn  thc  r c t r l n .u l t  h ; r r r r c r  r .S [ :  \ l , r l r l r r r r !
r ' l  t l t c  r cn ln iu t l  r r r l l  i r l s r r  r t t r r rn  so t l l c  i l h [ , t rnc t r l  l o :u l  t r r  t l r c  . \ \ lZ

l :ur t l tcr  r lgt i l i ls  t r i l  rhr . .  l i r .nt r f : r r  :n l t l  t . r r lcrr l l r r ( ) ' \  ur(r l  r r r
ARMPS kx r r l i ng . r  c i t r l  hc  tun11 ;  r r . .  l l r c  " l l c lF '  r r \ t  t h i l r  . r ! i r \ n . .
;ran ic.s vcrsion .1 .0 ol' thc ;rsnglx;1l

VERIFICATION OF THE ARMPS METHOD
'l'lrc 

ARMPS rncrhod is hcing vcrilied through hnck-annlysis
ol'Prllar rccovcry cir., ic histoncs. 

'[o 
tl irtc. f 40 crrsc historics

h:r'c heor rrlrrlrnctl l inrrr l() sl ltss (.sct'appcndix t] of'this pu-
pcrl 1'hc1' covcr i,ur cxlufrstvr r;rn-tc ttf .r lcolrlgrc corrdil ions,
r()ol' r()c k clv;rh i l rty cltlr':rctcrr st lcs. c x lrilc t ton mcthods. dcpths
ol ctrr cr. itntl Pil l :rr gcor[clrrcs Croulrrl condrtions rn cnch c:rsc
I t r r l r t r ' r  l r ; r r c  l r r ' c r r  ca t l ( ' r ( I  t / c r l  i r r  c t ! l t c t ' s l r t r s l i t c l t r r y  ( ) t  u l ' t s i . t l t \ -

l ; t r .  l o t v  P r l l ; t t  l . r r l t r r r : \  I ' c \ l l ( ) t ' t \ r t ' r l c  l t r r  t rn i ; r l r s l i r c to r \ ' c0 t ' l ( l t l l ( )ns
r t  g r r . '  l r ! i l n r l  l l r  l r l c l t t r l e - -

. Pilhr squcczxs. ircconrgrrniurl h1, signrlrcnnt cnrry r:knurc
and losr rrl 'rcscrvcsl

' Sutltlctt ctrll:tJlsss ol' groups of pill;rrs, u.sually nccom.
panrccl hy lrrhlirstr. lrnd/nr

. Coll prl lar lrrrnrps (violunt l l i lurus of one or trors
pr l lars )

As figurc 7 shows. ptl lar lailures occurrcd in 93% of $c
cascs whcrc thc ARMPS SF was lcss rhan 0.75. Whcrc thc
ARMPS.Sf was grcatcr than 1.5.94% of rhc c l r :s igns s,crc
sotislactory S[: vlhrc,i tu]grn-!l lrrrrn 0.?.1 ro 1..50 firrtn lr "gray"
arcil rvhcrc hotlr succcssl'ul antl unsucgcssfirl clscs arr: l irurrd.

Currcnt rcsecrch has hcgrrn to cvntuatc othcr flctors rhlr nrrr.
contributc to sntislcctory condirions rvfrcn rhc ARMps SF l ' l l tr
hctlccn 0.75 lnrl 1..J. Tlrcsc incluclc-

Ccxtl.rtrengtlr. '  An crtr.f lsivc rl:rt:r hnsc rrl ' l ;rhor.irtt)r!. tcst\ :r l
thr: slrcrtgtl l (f f coirl wirs c()rnFilcrl h1' N,lrrrk lntl l l lnon I l9(): I
Whcn corrrporcd with tlrc n RMPS dirl l  has. no corrr:l lrron \\:r\
l irurrd hctrvscrr cn:rl strcngtlr lrrri pil l irr stlcn!:th

l)eph ftf t:r ' t,ct '; l ' :rp,rrrr; l i  r lrous th.tt t lrclu rs u rr., l lrkctl rtt lu,.-
t l ( l l l  t l l  .S[ : : ts  t l r . ' ; r lh  t r l 'e t rscr  lncrui ts( \  WhCn thu c jcnth f  \ r .C(r l r
l ( l J  r r r  I  l , t t ( I )  l i l .  t hu  r \ l l l \ l l rS .S l j  r r . ; r s  l r ck r rv  I  0 l i l r  7 t ) ' i  , r t  r t r t
\ i t l r s t i s l ( ) r ) ' r l cs rgns .  l { i gh l t , u l l s ; l t r s l i l c t ( r r \  c ( rn ( l t { t o t l s  l t : t \ c  i r : i l ,
bL ' cn  gncoun tg rc ( l  t r r t t l e  t  t f ccn  covur .  r r ' l r t r ' l t  t ccc r r t l q .  l 1 .q l  l 1 r  111 : ,
fat l l t t ic .s.  Pi l lar  dcsrgn lor  rct rc i r t  In i l l rns urr t lcr  ctccp crrrcr  r r . '
muins on tri lDorl$nt rr:sulrch issuc.

.Sermr height: A lthtr rrl 'suam hurghr lS:trn\r ARIIPS .S].
., ihorvr no crlrrclt l ion (l ' igurc 9),

l looJ geololg2*: A dctl i lsd $ludy ol'ptl l .rr pcrfornlitncu $irs
conduclcd nl  I  mining complcx In southcrn Wcsr Vrgrrrr . r
Morc than 50casc histortcs wcrc collcctcd. Analysrs showcrJ
that srtisfactory conditions wcrc morc lrkcly ro bc cncounrcrcrl
undcr shale roof thnn nrnssivc sandstonc root (l ' igrrrcs l{}.1 I i
T l t is  impl ic\  lhnl  hct tcr  c0vang occurs rvr t l r  r l ra lc.  rcsul i r r rg rn
ktrvcr prllar loirrtls
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GUIDELINES FOR

'\ltN{PS app€ani ro pro'tdc gorxl first upproxirnations of thc
,r  r l l r  sr / r 's  rcqurrcd ru l ) ruvcnl  p i l lar  t i , r i lurc dur ing retrcat
.: i lnrng. In an opcftrrjnB nlrng. pilst gxl)lrnuncc c:rn bc incorpo-
r-rtctj drrcctly rnro ARMPS. AItMPS smtri l i ty t 'acrors c:rn bc
irlr[-calculated lor both successlul rnd unsusccssful :rrcns.
oncc a lninimum ARMPS SI-'has bccrr shown to provitle ade.
.iu;rtc grounrl condrtron.s. thrr rninrmurrr sho[ld be maint:rinr..d
rrr >ubscquuJll i,lrcas ls ch;urgc.r (x.cur irr thg dcpth of covcr. co:rl
r i : rcknr. 'ss,  or  p i l lar  l : ryrrut .  ln th is nlonncr.  ARMPS can bc
. ; r I r bralcd u.' i  r n g srtr: - s;lcc i f ic c.rpcriuncc.

,\ l lNlPS rs l lso well suited lbr rnit iol l 'ca.sibil i ty studies
.,hcre no prcvrous uxpr:ricncc is ovrilable, Opcrators may be.

-srrr wirh an SF neur 1.5, thcn arjjust as lhcy observc pil lar

USING ARMPS

performanee. ARMPS rnay atso hclp in oprinrir.ing prne I Jr:-
signs_by idcnrifying pil lars rhar mighr be necdlurslf.r*urs,r.c.l.

ARMP.S may bc usccl  t r l  unaryzc.  rv idc v:r .ct ,v. t  r r r rnrrg
gcometrics. For exanrplc. rnost blucdcr dcsrgrrs Lun bs:rrr:rlr.rud
by sclccring lo:rt l irrg conditiotr .1, thcn .sr:rring tlrr: c.rtcnt ot r!rr.
Nctive gob to zpro. Thc "Hclp" tert inclurlsd wirh vursrorr 4 (i
of the program contrins Inimy tips on wrccrrng rlrc pro;rr rnpur
parilnlerers when using ARMpS.

ln sonrc cases, more dctuit nr:ry be dcsircd thcn cnn b* prtr.
vidcd by ARMPS, Sorne complex situarions..such us rrrutripls.-
scarn interoctions, arc tx".yond thc capabil irrcs ol 'Alttvl l,S. 1n
thcse instrnce$, the newly dcvcloped LAMODEL Iluuluy
19971 may be the appropriatc tool to usre.

coNcLUsloNs
' [hc 

ARlvlPS progrlrn lrirs alreacly prrrvcn to bu u uscl'ul cid
;r  p lurrnrng pr l lar  rucovery ()pur l t iorrs.  l t  is  c lsy to usc,  ct td i t
l ,rrgu nurttbcr ol anulysus cln bc lun in lr rclativuly .short pcriod.
r ' l rc prtrgram 15 sul ' l icrcnt ly l lcxrblu tu l lc : r l lg l l ic : rb lc to;r  wide

ct.r- ol Intntng Bconlclnc.' i . l l ' t l tc uscr dgsircs, t l r lso pro-

^ ,us :r lull rurge tl l 'rntcrnrr:<fiutc culculutrons jn uddltion to thc

Dl '  lv lany nrncs throughout lhc Uni ted St i l tcs and lbroad
- :.r,:.r iJy usc ARNlPS, lrrd lhc Mrrtc Slfcty irnrJ Hcirlt lr Admini.

. , , r r ,u, ,  has l lso rrrartc cxtuts ivs usu ol ' t l re gtrogr iut t .
Currcnl  c l lor ts l r rc i , r i r r rcd i r t  l rn l l rovrrrg t t tc Inturpretat ion of

:hc ARMPS .SI; .  Al though pi l lu f i r i lurcs sccrn unl ikely when

thc ARMPS SF is grcoter th:rn 1.5. thcrs lru i lplurcntly nrlnv
cascs wlrcrc SF valucs irs low as 0.75 ltrvc l-^-cn succcssl'ul.
Factors such as roof quulity. lloor strength. arrcl nrirrrrrc rilcrlrotl
rnay dutcnnrne whcthcr u pil l i tr dcsign succcsds 

'f 'husc luclurr
i ltc no\\ 'bcrng tnclude'd in thc rcrtrsilt n:irring cusc lrrsrtrr) ' i l .rrr
base and wil l be integratcd into lbturc tlcsrgn gurdchnr's

To ohtrin a singlc copy ot'thc ARMPS cornputur proqr:uu.
version 4,0 for Windows, scnd thrcc doublc-sidr:d, ltrgh-dcnsrty
diskcuc.s to: Christophcr Mlrk, Ph.D,, Nl0.Sl-1, Prttsburgh ltc-
scrrclt Ccntcr. Cochrans Mills Rd.. P O. Box 180?0. Prttsburglr,
PA t5236-00?0
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I
APPENDIX A._DERIVATION OF THE MARK-BIENTAWSKI PILLAR STRENGTH FORMULA

Earlv versions of rhe ARMps program. following rhe ALpS
program. used thc Brcniawskl formula to cstimate pillar sucngth
lB ienrawskr  19921

2. The strcss gradienr within
does nor change with rimc or
prfectly plasrrc).

.1. The strcss distribution rs
ccntcr of thu pi l lnr.

lhe yield zone of a givcn prll lr
loacl  ( r .c. .  rhc y ic ldccl  coal  rs

synrmctric wrrh rcspccr ro rhsSn = Sr 10.(r1 * (0..16 rv/tr)1,

s 'herc S. :  pr l l l r  strcngth.

(A -  t )

tn
aJ)
tr,
fi
F
v,
t

J
J
o-
lrJ

P
E
trJ

and

S - -  n t  s t t r r  co l l  s t t ' c r r * th .

ry = pillar widrh (or lr:lsr plnn dimcn.sion),

|  = pi l lar  hurghr.

The Bienrawski fornrula was originally devcloped in the
1960's from rn srtu tcsting of largc.s:calc coal specimcns. Thc
specimen strengfts were dctermjned as he ultimatc load.
bearrng capacity divided by thc area. Bieniawski recognizcd
thar rhc formula underestimated rhe strcnglh of recungular pil-
lars. howcvcr, bscau.sc all o[ thc specimens were squilre. thcrc
wa.\ no obvrous way of esttmating, a "pil lar length" cffect.

it lros bcen rccrlgnized llrat u nla.lor disadvantage of empar.
rcal  l 'ormulas.  l ikc t l rat  of  Bicnrawski ,  is  that  thcy t rcat  lhc pi l -
lar  ; ts ; r  srnglc { tntc l r t r i l l  c lc l r rcnr.  l r t  rc lh ly.  lhc stress rv i th in
u\ 'cn i r  ru i i t l r rc lv sr t t i t l l  l t r l lnr  rs htgtr ly nottuni form. Tc$ls con.
t l t rctcrJ bv \ \ j , rgrrcr  I  l9 i - l  l  t l ' ; r r ro l tstr i t rc( l  l l r r \  r | t r r tc dr lmatrc l r l l . r*
( l ' r g r t r c  A . l t .

Mnrlcrn,ne( ltuil,r ' t. l tosul ;r;tprolclrcs to cofl l pil lrs hcgin
lvrth strcs\ dr.rtnbutrtrn. l'rrhupx thc hcst krtown is thc tpproach
propt:sccl  hr  \ \ ' r ls t r r r  I t973. l9 l { l l .  Wi l .son dcnved an exprcs-
sron for thc vcrtrcirl slrclis grachcnr withrn rhc yield zooe, which
he then intcgratcd ovsr thc nrca ol ' thc pi l lar  ( f igurc A-2) to
dctcrrnrne thc ult irnatc pil lnr rcsrslance (R). The 'pil lar

srrength" is sirnply thc ulrrrnare pil lar reslsunce dividcd by the
pillar area Numerical models also provide strcss distribution
profiles, although not normally in thc form of an equation.
Mechanrcs-based approachcs can be uscd ro svaluale any pillar
shapc, becausc thc strcsscs within the pillar are dcrermined by
lows that arc rndepcndcnt ol 'overall pil lrr gcometry.

Alrhouglr cmpirical fbrrnulns do nor cxplicit ly corrsidcr rhe
cffr:st .l rntcrnrrl pilllr rrrcchanics, rt is lpparent lhal ftcy imply
a nonutrrl i)nn strc:is t irstrrhuti0n hucausc of the shapc cffcct.
()nct rhc rrnplrcrl strcs\ grutlrclrt lr ir.s hccn dr:rived, thc tcngth ef-
fccr can hu rc.*l i l1 dcrcnr)rncrr. ' l 'hc 

tlcrrvatrorr has treun pub-
l rs l rcr l  I lcr  r r ruslv iNl i r rL.  cr  l r l ,  l t )81{:  fv l :uk untt  lannacchtOnc
| 901 |  r l n ( l  r s  \u r lun i l n l c t l  hck l r r . .

Frrsr. thrcc rsru'rptr()r$ i l rc rrnpl ici t  i rr  wi l .son's ancj othcr
rn ;r lyt lc;rI  l 'orntu I l l  rons.

l. 
'llc 

strcss n,rlhirl tlrc yrcld eonc of l grvcn pilfar i.s fl con-
r rnuous funcr ron or ' thc  drs tancc r rorn thc  ncarcs i r ib .

Flgurc A.l.-Plllrr rtcsr protltcr msriurecl In snril coel
plllara (rtttr Wqnar fl9701).

A
/  \ , . _

, r
/ \

t \

-  -cv- . {

\ \ \

w+
Flgurc A'2.-Ocrsrmrnrilon of pirtar road-beerrng crp!ciry l3

tho lnt.grtl ol the pilter ttrug dittribuilon.

CONVERGENCE



o ' fhe 
next s(cp In thc derivi l t ion rs ro salcul inc lhc ult imttc

rcrstance oIa squarc pi l lar Using rhc Bicnrawski formula: ?
d l  . l [ o , d x d w .

i

Equating A.3 and A-4 and simplifying. we have
g

/  * ' \  |
S r . f  o . 3 Z w ' O 2 l l - l  =  | o " d x ,'  

\  h /  I  
Y

Thc Iunction that satisfies cquati()n A-5 rs

o "  "  s ,  
[ 0 . t .  

'  , . ' o  ! ) .

R = Sr (O.eq + 0.36 ryh ) Y(2
dR = S1 (  1 .28w+ l .o8te/h)  dw

(A.2)

' f tcn, 
thc urcrsasc rn ptltar rcsrstancc dl( duc lo i ln inc?e$e

In  c ross-scc t ronu l  a reo  dA =  2*  d* ' ( l igurc  A .3A)  may bc
cirlculatcd by takrng lhc rlsnvulive of c(luolton A-2 with respect
lo  w:

R =  s ,  (o  ea  .  o . i t  
; )  " ' .

dR '  s ,  
I r .zs 

.  r .oE *) r "

t A - { 1

( A - 5 )

(A-1)

ln rhc ncxl slcp. thc assttmption thut the vcrtiC1l pillar stfcss

rs a conlinuous I 'uncrion ol'rhc rib rlrstnn!:c (x) is appticd. tt

rnay bc sccn (frgurc A-l/J) t ltat

dA= 2w (dw)

( A ' 6 t

Equrtion A-6 is the strcss gradicnt in the' yield zotrc prc'

disted by the Bieniarvski tbrrnula. Stress gradicnts havc also

bcen derived for sevcral other common cmpilcal pillau strcngth
forrnulas [Mark and lannacshione 19921.

\J

A =r=T
I
3q

T
N

I
I
I
N

I

t
E

l-w-t'l l*
dw

*w/?---{-+-w/21

|*w12*{

7 ut?
dR /4 =Jo

-{
7'- d$

Cv dx  dw

dw
Flgun A.3.-Oarrrmlnotlon ol plllrr rlnre gndirntr from r plller strrnglh lormula. A, calcu-

latlon of dF dlrtstly fronr the forrnuhl 8. cllcutltlon of dR In telmr ol thc vertical 3ttc33 g?adicnt.

/



To determrnc thc loacl'bcarirtg c:rpacity ol 'any pil lar shapc'

it rs now only ncccssar)' to intcgratr: cquatioo A-6 ovcr the load'

bearrng area of the pil lar For cxample. the load-bearing ca-

pocrt) ' of an cxtremely long strip pil lar (R.) rs

Drv idrng by the p i l la r  arca (Lw)  y ic lds  t l rc  s t rcngth o f  i r  s t r rp

pillar (S,):

s, ' s, ( o'tn ' o' 'o r) '

:
t 1  \

R, = , r {s ,  Io .er  
.  2 . l5 iJ  o-

; \

(A-21

(A.8)

( A . 9 t

Equation A-9 implies that a srip pillar's slren8th can approach

150% that Of a square pil lar, but that thc strength drfiercnce rs

rcduced as thc wlh ratio is reduccd.
The ultimate load canicd by a rectangular pillar is equivalcnt

Lo thc load eanied by A $quorc pil lar of wrdtlr w plus a scctron

of a strip pil lar of tcngth (l- - rv), as show'n rn l 'rgure A'4. Crrrn'

b in ing cquar i t tns A.6 and A.9,  t l tc  u l t i l t tatu l t ra{  curr tcd hy I

rectnngular pillar (R.) is

( A - l 0 t

( A . l  ! )

Plllor's lood
beoring copocitY

So lv rng :  
R l - -  (Lw) s ,  

[o ,oe 
'  t  t .  

; )

Srmpl i fyrng:

R, = s ,  
t [ ' - '  [o .oo 

'  0 .36

I
R,  =  s ,  lo 'e r  wL '

t

;)J ' [,'-,''-*tr (o'cr ' 0 34 ;) I ]

o'1 (-'*) -0,,t$)l

.o

L
w

KEY
Pillor lengfh
Pil lor widlh

RECTANGULAR PILLAR

EQUIVALENT
TO

PLUS

I

^
v

1..-rL-w);
SOUARE PILLAR SECTION OF

STRIP PILLAR
Flgura A.4.-Plllar strcri dlstributlont lor rqutrr, rlrip, and rcctangular pillrrt.



Drvrdrng t ly rhc roacJ-bc: ' l rg ' rur  1wL).  the Mlrk.Bicniawski
Iurrnuia rs obt:rr r tcd

S
D (A, t 2)

Equarion A-12 indisatcs thur rhc rncrcasc in strength in a rcc-
trngular pil lar depcnrls on borh (*/h) and (rvfl-). Table A.l
uompares rhc pil lar strcngths dctermincd by the Mark-
8:enruwski lorrnula wrth thtl.ss obtainc<r ri<lrn thc Bienrawski
formula.

Teblr A.1.-Pftfar 8tr€ngth from thr Mark.Bienlrwrkl
formu[,ltrumlng thc Etrength of a equare plltar

(orlglnrl Bltntrwtkt folmuto) lr unity

: - .- Pillar w/h . 
--

Pilar lJW : - .- rrrlar wn .

2 . 0  r . o g  t . t 3  : . l E  1 . 2 r  r . ? 3
{ . 0  t . t 4  1 2 3  r . 3 2  f . c r  . l . l s
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APPENDIX B.-ARMPS CASE HISTORY DATA BASE

Tabtc B-1.-Unletlifactory plllrr relreat casc hastorleg

stare and coar seam ARMPs sF ::il"iiii' - oeprh, m (ft) [:::ffi^
Alabama:

Elue Creck
gluo Croek

Golorado:
Camao
D .  . ,
o . . .  ,

Kontuclry:
Hadan
HadSn
Hartan
Harlan
Harard No. 4 ,
xazard No. 4 .
Hazarcl tto. 4 .
Lowe( € lkhorn (No.2 Gasl  .  .  .

Lorvor ErktOrn fNC 2 Gasl

Ohrg'
Lo'rrer Fteagorl

Manoning
Mahontng

Pennsytvania:
Lov{er Kittanning

Lower Kithnnlng
Lower Kllhnnin0

Pittsburlh
P l t t s b u r g h r . . . , .
Pittsburgh
Pattsburgh
SewickleY

Tennessee:
geaCn erove
B e a c n G l o v e . . .

Ulan:
B l r n d C a n t o n  . . . . . ,
Gllson
GrlSon
Lower O'Connor

Vr.glnra
Blarr
$lamorgan
Jawbono
Jlwbo,rc
Pocchonlt! tlo.3 .
Pocahontas No.3 .
Pocahontas r.lo.4 .

Wesl Virginia:
Becklay
Coalburg
Coalburg
Coatburg
Coalburg
Coatburg

Seg explenarory notos at ond ol tabtg

1.54
0.99

0.71
1.20
0.99

t . t  6
0.9€
0.86
| . t 2
0.l l
0.56
0.50
1.03
1 0 2

r .?0
0.66
0.95

t . { 1
t.55
1.29
0.97
1 .17
r.29
t . l 5
t .82

1.26
0.88

0.04
0.76
0.13
0.95

r.37
1.06
1.53
1,a7
0.cl
| .35
1.03

0.72
0.75
0.59
0.9E
1 . t0
1.35

r,E (s.0)
1.8 (8.0)

2.r (7.0)
2.t (e.o)
2.7 (e.0)

3.7 lr2)
2.1 (7.0)
3.7 ( t2)
3.7 (r2)
3.0 ( l0t
1.3 t4,2)
1.s (5.0)
1.0 ( t3 0)
4 0 (13.0)

1.5 (5.01
|.0 (3.3)
1.0 (3.3)

2.0 (5.51
2.0 (6.s1
2.1 (7.0)
2.t [7.01
2.3 (7.s)
2217.21
2.217.21
1.6 (5.2s!

0.8 (2.s)
0.8 (2 5l

?.s (6 3)
2.? (9.0)
2,7 (9 01
5.3 (17.5)

1 2 (3.8)
1,8 (6.0)
t .3 (4.21
l.{ {1.61
t.7 (5.5)
1.5 (5.01
2.1(8.0)

1.8 (6.0'
?.. (8.0)
2,7 (e.01
2.7 (e.01
2.7 (e.0)
2 7 ( 9 0 )

35O (r.l50l
350 (1,1501

90 {300}
260 {850)
305 {l,000)

2As (910)
30s (1.000)
260 (8s0)
32S (l .070)
305 (1.000)
215 (80O)
215 (700)
215 (000)
r8s (600)

2 r 5 (700)
7s (250)
75 (2s0)

I r5 (3801
r?0 1400)
75 (250)
275 (e00)
150 t500)
245 (810)
2,t5 (810)
r83 (600)

s r s { r , 0251
3os (1.000)

365 ( | ,200)
s0S ( r.?001
5 ' t5  |  1 .690)
1 70 {550)

185 (5001
? l5 (700)
2t5  t700)
t50 {500)
520 (r,7001
150 (5001
90 (3ml

330 (1.150)
90 (3oo)
rA0 1400),t20 {400)
120 (400)
1?0 (400)

2
3

I
2
3

I

I

2
I

4

3
3
I

3

2
2
t
3
3
4
4

3

1

3
3
3
I

3
3
3
3
1

3
I

a
I

NA9
NAp
NAp
NAp



Trblc B - 1 .-Unratl tt.ctory plllar rctrolt clf. hlltotllr-'Co nlhu cd

Srate ano coal seam ARMPS SF
tl

oororny t 36 3.7 (12.0) 95 (3t5) 3
Oorothy 1.37 3'7 (12.0) 95 (315) 2
Oorotny (Wlnitrodsl
oorothy (wtrutfeoel t.as 3.4 (1!.0) 70 1225',1 q

Dorothy (wtnrtredef 1.39 0.7 (12.0) 95 t3l5) 2
gororhi (winprecls) t.m 3.0 (10.0) 55 (175) I

Dorothy (w|nlrredr, 1.15 3'0 (10.0) 100 {325) 2

No 2 Gas 0.95 t'1(4'51 245 (00o) !
Slockton 0'E4 3'O (lO'0) ro (22s' 2

Sroddon 0'96 3'O (tOO) tE (240) t

Sroc*ron O'82 3'0 (tO'0) 75 (245) t

srocxron l.r? 3.0 ito,o) s5 (2Eo) 'l

srocklon 1.19 3'O i1o'0) 8s (2So) 2

( ) o'72 1'5 (5'o) 120 (400) 1

t . ' r  , , , . . . . . ,  .  . . . , . . . - . ' .  0 ' 8 2 .  1 ' { 1 4 ' 5 1  '  - '  ' 1 r T ( 3 7 3 1  '  I "

NAp Not applicable-
rNot provrOed by oliginal retetsnco'



Trbls B-2.-Srtlrfrctory plllrr rrtrat c!!r hlrtorlcr

Slate and coal $earn ARMPS SF
Serm lhick-
ness, m lh)

Doprh, m (fl) 
LoadtnE
condltron

Alabama:
Blue Creet

Cotorado:
Cameo
Cameo .
Cameo
0
o

llllnors:

r.96

r.80
r . t 4
0.93
1.23
t.41

r . l  4

r.94
r.36
t . 4 t
1 , 1 0
0,45
1 .5 r
r.64
1.20
| . 70
2.0
t.gE
1.69

1.80
1.70
2.50

2.06
1.65
t . 7E
1.79
r.85
2.1{
1.E9
2.79
r.70
2.32
r.88

0.98

0.50

1 .65
2.31
2.06
2.1s
1.97
2.05
0.92
r.2l
1.89
0.91
2.77
0.75
2.41
2.41
2.22

t.E (6.01

2.1 (7.O)
e.t (7.01
2.t 17.01
2.7 (e.0)
2.7 (s.0)

2.1(8.0)

2.0 (6.51
r.3 (4.1)
1.s (5.0)
r.5 (5.0)
|,s (s.0)
r.s (5.0)
4.0 (13,0)
1.7 (5.5)
1.7 (s,9)
1.7 (5.51
r.7 (5 s l
t,7 (5.51

l.s 15.0)
t .5 (5.01
r.0 (3.3)

r.8 (6.0)
2.0 (6,51
2.0 (6.s)
2.0 (6.s)
2.0 (E.51
ts (5.0)
2.t F.ol
22 (7.2'
1.6 t5.25)
r.6 (s.zs)
1.3 (1.21

0.8 (2.5)

2.7 (e.0)

r.2 (3.0)
t.8 (6.01
t.3 (4.2)
r.3 (4.2)
r.1 (4.6)
0.e (3.0)
r.7 (s.5)
1.7 (5.5)
r.5 (s.0)
r.8 (6.0)
0.e (3.0)
2.0 (6.5)
0.e (3.0)
0.9 (3.0)
1.2 (4.0)

3S0 ( t . tsof

120 (4OO)
2r5 (700)

213 (800)
260 (Eso)
21s (700)

215 {7001

90 (300)
r30 (120)
260 (8601
2s5 (575)
110 (1.450)
18s (6001
r20 (400)
z l s (700)
135 (150)
120 ({001
t 35 (450)
135 (150)

170 t550)
1 70 (550)
75 (2s01

120 (400)
I rs (380)
l ls (3801
120 (100)
r?0 (400)
r ?0 (s50)
150 (s001
260 (8ss)
t8s (600)
18s (000)
6s (210,

3r5 (1.025)

610 (2,000)

l8s t600)
r20 (1001
t35 (,050)
150 (s00)
120 (4001
1s0 (5001
520 (r .7001
520 (l,?ml
r50 (s00)
365 (l,2001
s0 (3oo)
4/30 (1.4501
150 (500)
213 (700)
1s0 (5001

2

3
2
3
2
2

3

3
3
2
3
3
3
3
2
3
2
3
2

t

I

I

3
3
3
3
2
3
3
2
3
2
I

2

2

Herrin No. 5 ,
Kentucky:

Harlan
Harard No. 4 ,
Kellioka
Katloka
Kellioka
Kellioka
Low€r €lRhorn (No 6 GaE) . . ' .. .
Pond Creek

. Pond Ctselr
Pono Cie€k
Pond Creek ..  .
Poncl Creak

Ohio:
Lowgr FreePorl
Lowef Froafiorl
Mahonrng .

Pennsylvanta:
Lower Freepoil
Lower Kitlsnning
Lower Klltannng
Lowar Kitlanning
Lowet Kanannlng
Lower Klttanning
Pinsbu€h
Prnsburgh
SowlcrleY
Sewic*leY
U9p6r Freeood

Tennossge:
Beach Grove

Ulah:
Gitson

Virgmia:
B l s i t ,  . . . . . . ,
olarn0rgpn
Jawbono
Jawbone
Jewbone
M o s s y . H e g g y . . . .
P o c a h o n t a s N o . 3  .  . . . 1 , .
Pocahonlas No,3
Pocahontas No.3 .
Pocahonlas No. I .
Pocahontas No, 4 .
Pocahontas No.4 .
Recl Ash
R e d A s h . . .
Ti l let

see explanabry noteg al gnd of table,

3
3
2
3
3
3
2
3
?
3
z
3
2
3
3



d Trbb &2.-srtbfrcrory pllfar rctrur crr hberl.r-.Coailnuo.t

Coalbutg
Coalburg
CoatDurg

Coatourg

Coalburg
Coatburg

CoalDurg
Coatourg
Coatuutg

Wosl Virginia:
Bcctley
Bectley

r.E (6.01
2.7 (9.0)
4.7 (9.0)
2.7 (e,0)
2.7 (e.0)
2,7 (e.01
2.7 (9,01
2.7 (9,0)
2.7 l9,O'
2.7 (s.01
2.7 (e.01
2.7 (s,o)
3.{  (1r .0)
3.0 (t0.0)
3,0 (10.01
3.0 (10.0)
1.114.s)
e.0 (6.s)
1.4 ( . .751
r.2 ({.0)
3.0 (10.0)

350 ( t , r50)
260 (850)
r20 (4001
r20 (.00)
r20 (4o0)
120 (4O0'
120 (4001
r20 ({00}
r20 ({001
120 t4o0)
r20 (4001
re0 (r00)
7012?51
8s (28s)
100 (325)
70 {225}
260 (Eso)
185 (600)
2r 5 (700)
105 (350)
05 (2?0)

0.90
1 . t 7
1 , l r t
t.30
l . 4 t
r .50
t .59
t.78
r ,91
2 . t l
2.37
2.4r
? .10
| .3?
t . 40
1 .72
1.24
1.73
t.50
2.53
L56

a
a

NAp
NAP
NAp
NAp
NAp
NA9
NAp
NA9
NAp
NAp

2
2
2
2
?
2
2
2
?

Coatburg
Oorothy (Wlntlrede) . ..
0orotny (Wtntkedo)
Dorotny (Winalredel
Dofothy (winilreds)
Fire Creelr
Lowet Wlnilrede
Peerless .
Sewell
Stockton

NAp NOlappl icabb,
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1. INTRODUCTION

This regrort with attachments was prepared in response to a request by C.W. Mining Co. that Mateki
Technologies, Inc. (MTI), complete an analpis of the stability of the Castlegate Sandstone
escarpnpnt for two-seam mining in ttr€ WiH Horse Ridge reserves. The specift oblrtives and the
scope of work werc outlirpd by C.W. Mining and consisted of : (l) evaluate surface subsilence ard
the stability of the Castlegate Sandston€ escarpments and (2) am\yzn the distarrces that unstable
material may travel after mining.

C.W. Mining Co has usd the room-and-pillar technique to extract three-searn rcserves in coal fields
on the Wasarch Plateau rpar Huntington, Utah (frgure 1). These seams are located toward the base
of the Blackhawk Formation and consist of the Tank, Blind Canyon, and Hiawatha. Within the
present two-seiun mining area (to the west of Bear Canyon), the Tank Seam and the Blind Canyon
Seam are locally mined in descending and ascending order. Mining has taken place in conjunction
with geotechnical monitoring in two panels in each seam (Maleki and others 1999, 2000). Because
ground conditions between the present mining areas and the Wild Horse Ridge reserye arc similar,
existing data were used to estimate potential recovery and associated ground movement in the Wild
Horse Ritge reserve, In additiorr, longwall mining experbnce and geotechnical data regarding mining
in the vicinity of escarprrnnts near mines operated by Energy West are available (Jones L994; Maleki
and others 2000). Attaclunent A contairs technical papers dealing with geotechnbal ard escarpmenr
assessments in the C.W. Mining and netghboring mines.

During the last decade, Energy West Mining Co., govemment agerrcies, acadernia, and MTI have
directed a significant amount of research to developing predictive tools for assessing the stability of
the Casthgate Sandstone escarpment. Thase studies were initiated to satisfy rpeds for escarpment
stability and resource recovery. Escarprnent instability is associated with the rclease of rocla from
the escarpnrcnt face onto slopes below the escarpmenl The governnpnt agencbs resporuible for the
administration and protection of nonmineral resources in the area (U.S. Forest Service; Fish and
Wildlife Service; Utah Division of Wildlife Resources; Utah Division of Oil, Gas, and Mining) are
interested in the impact of escarpnrent failure on animal and plant life and publfu safety, The Bureau
of Land Management (BLM), which administers and leases mineral resour@s, is resporuible for
ensuring that mining companies ma:timize resource recovery. Thus, the optimum goal has become
one of meeting the requirement of resource recovery while minimizing mining impacts on the
surroundin g environment..

To achieve this goal, interested parties have recently focused on developnrent of a predictive
statistbal technique so that the econornic benefits of rnining can be anal)'zed against the probability
of escarpnnnt failure and its influence on t}re surrounding environrnent. In cooperation with Energy
West engineers, MTI has been developing this statistical model to assess the impacu of longwall
mining on Corncob Wash and Newberry Canyon while characterizing escarpment conditions along
Rilda Canyon reserves in detail. The model will be fine tuned after mining in RiHa Canyon is
complete in the rpar future (appendix A). C.W. Mining's experience with room-and-pillar techniques
will comphnnnt the existing escarprrrcnt stability database by allowing an evaluation of both longwall
and room-arrd-pillar mining methods.
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To evahrale escarpment stability in C.W. Mining operations, we have expanded the existing models
for Ernrgy West mines to tlpical sections in the Wild Horse Ridge while accounting for differerrces
in geologic and mining conditions. Two known factors that are different in the Wild Horse Ridge
reserve area are (l) use of room-ard-pillar mining to the south near most of the escarpnpnts instead
of longwall mining and (2) ttp shorter distance between the sardstone escarprnsnts and the Tank
Seam. Room-and-pillar mining is associated with 50?o less subsiderrce and thus is beneficial to
escarpment stability. The shorter distance between the Tank Seam and the Castbgate Sandstone is
detrirrental Overall, these trilo factors carrcel out and the existing models and data from neighboring
mines are judgod to be applbable for this preliminary evaluation until more detaibd monitoring data
become available.

To the south where escarpments of interest to this study are exposed (figure 2), C.W. Mining is
planning to extract the Tank and Blind Canyon seanrs using the room-and-pillar mining technQue
in a descending order. Two-seam longwall mining is planned to the north for the extraction of the
Tank and Hiawatha seanrs. This longwall area is not overlain by Castlegate escarpments in most
areas, excepting reserves within the initial four longwall panels. The escarpment study area consists
of the eastern side of Bear Canyon and the areas located near the Irft Fork of Fish Creek.

In response to a request by C.W. Mining, MTI has used its models and comparative analysis
techniques to address escarprnent stability along the Wild Horse Ridge study area for permitting
purposes. C.W. Mining has the ultimate respoluibility for analyzing and mitigating any safety issues
related to escarpment instability. MTI does not offer any expressed or implied warranty with regard
to public safety for any option selected and impbmented by C.W. Mining for conrrolling ground
nrovenFnts.

The scope of this work consists of (l) a review of the geotechnical framework for the Wild Horse
Ridge reserve, (2) a review of subsidenoe characteristbs for two-seam reserves in western U.S.
mfurcs, (3) an evaluation of escarpnpnt stability, and (4) estimates of the distarces rocks travel.

Following the introduction, conclusioru and reconunendatioru are given in section 2, and the
geotechnbal frantework for the C.W. Mining reserve is analped in section 3. Section 4 presents a
description of subsidence characteristics in western U.S. mines and identifies typical subsidence
factors and ttte angb of draw for C.W. Mining's geologic corrditions. The stability of ttre Castlegate
Sandstone escarpment is evaluated in section 5, and possible rock travel distances are discussed in
section 6. Travel distances are estimated along a cros$ section of interest using the Colorado Rock
Fall Simulation program and site-specific data from failures at Energy West and C.W. Mining
operations.
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o 2.0 SUMMARY AND CONCLUSIONS

In response to a request by C.W. Mining, MTI evaluated escarpment stability along the Wild Horse
Ridge study area using the Rockrisk computer program. Travel distances along a cross section of
interest were estimated using rock fall simulation programs and experience in the area. To assess
escarpment stability, the area of interest was divided into 158 studycells. For each cell, escarpment
and canyon geometries were charactenzd using base maps provided by C.W. Mining and field
observations. fui instability irdex was cahulated using the Rockrisk computer program and decades
of experienco in the mine area.

Three instability levels indicating overall low to mediurn volumes of spalling are identified in figure
2. These instability levels are-

. Low (not likely to have significant spalling)

. Medium (likely to have spalling)

. High (very likely to have significant spalling).

Rock fall simulations along cross sections of interest are in general agreement with observatioru of
mining-induced rock travel distances of 800 ft in the neighboring canyons. Maximum rock travel
distances, however, vary according to canyon slope and frictional and rebourd propenies of rock
blocks.

It is recommended that escarpment stability be monitored sehctively, depending on safety and
environmental needs- The data frorn such monitoring will also be irnportant for verifying the
assumptions of this study ard for enhancing model capabilities when predicting the stability of the
Castlegate Sandstorp escarpnnnt during multiple-seam room-and-pillar mining.
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3.0 GEOTECHMCAL FRAMEWORK

3.1 Stratigraphy

The ttree coal seams of economic interest belong to the Blackhawk Formation, which is overlain by
the Castlegate Sandstone and underlain by the Star Point Sandstone and the Mancos Shab (figure
3). Minable seanx are the Tar& and Blind Canyon to the south and the Tank and Hiawatha to the
north of the Wild Horse Ridge reserves. These seams average 8, I I , and 6 to 8 ft in the study area

The overlying, cliff-forming Castbgate Sandstone is a massive cross-bedded unit. It contains
intermittent thin interbeds of shale, pebble conglomerate, and mudstone. Bas€d on corehole data,
this unit is 170 to 250 ft thick in the Lrea; however, the actual exposed thickness is much hss locally
(as Iow as 50 ft). The exposed thickness of the Castlegate Sardstone escarpnrent is directly related
to the stability of the escarpment and the volurne of displaced rocks (Maleki ard others 2000). The
Price River Formation consists of numerous beds of cross-bedded sandstones with occasional
interbeds of shale, pebbb conglomerate, and mudstone.

The Blackhawk Formation is composed of interbedded deltaic rnudstone and siltstone and is less
resistant to weathering than the neighboring units. It is characterized by alternating slope- urd cliff-
forming units. This unit is approximately 750 ft rhick.

The Star Point Sandstone consists of thick cliff-forming sandstone units separated by shales. It is
light colored and is approximately 350 ft thick in the Wild Horse Ridge area. The Mancos Shale is
a blue-grey color marine shale approximately 1,000 ft thick ard is soft ard well weathered.

3.2 Jointing

A 2-day geologic field mapping trip was conducted by MTI during the course of this study. The
obiective was to (l) characteizejoint orientations in the study area and (2) estimate the exposed
thickness of the Castlegate Sandstone. The latter was imponant in irnproving the historical data
colbcted by Dwelling regarding the Castlegate Sandstone unit shown on the base nnp provided by
C.W. Mining. During field mapping to the east, C.W. engineering staff collected data regarding the
bcation and arnount of faibd rocks on the slopes to the west of Bear Canyon over the existing mine.
Attachrpnt B is a photographfo record of the Castlegate Sandstone escarprpnt, and figure 2 shows
the location ofjoint measurenrents (A to I).

The pint patterns at the Castlegate Sardstone horizon are similar across the study area. Joint trends
are thought to coincide generally with joints found in the overlying Price River and underlyrng
Blackhawk formations and are consistent with measurements collected on the Wasa0ch Plateau
(Maleki 1988; Maleki and others 1999), Joints were tlpically within a few degrees from verrical
Three general orbntations were identified (tabb I ).
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PRICE RMER FORfI'ATION

CASTLEGATE SANDSTONE Trough cross-strotified fluviol sondstonc.

NORTH HORN FORMANON

BLACKTIAVVI( FORMATION

TANK COAL SEAM

BLIND CANYON COAL SEAM

HIA\A'ATHA COAL SEAM

STARPOINT SANDSTONE

MANCOS SHALE

Interbeddcd sondstonc, siltstone ond mudstone
with increosing proportiong of limcstone ugrords
in thc formqtion.

Trough cross-strotified sondstonc with subordinotc
omounts of pcbblc conglomcrotc ond mudstonc.

lnterbe<ldcd dcltoic mudstone, siltstone, ond
cconornic cool scorns.

Mossivc, cliff forming morinc sondstonc.

Mqssivc morinc shole.

o

Figure 3. Typical stratigraphic column.
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oo The most pronounced (primary) joint trend tlpically ranges berween Nl0"E to N20oE (N15'E
average). There may be a few degrees of counterclockwise rotation in this joint set as one moves to
the east because measurennnts greater than N20'E were noted only on the west side of Wild Horse
Ridge, and measurements less than NlO"E were noted only on the east side of the ridge.

A less pronounced, secondarypint s)6tem trending S80"E to S90"E was also observed. This trend
appearcd to be gerrcrally cotuistent across the study area. The only variation in this trend was noted
at location l, but the data are too limited and inclusive.

A third joint set was noted having a N50"E to N55'E trend. This set was only observed in the east
near Fish Creek Canyon. Spacing on this set is estimated to be greater rhan l0 ft due to its lack of
occurrence or expression.

Apparent joint spacing appears to be controlled by confining stress. In outcrop, the primary and
secondary-Fints are more apparent and appear rnore closely spaced at or near the points rhan in the
head of drainages. Rocls in place often extribit Finting u l0 to 15 ft spacings, bur more broken rocks
nearly always showed more closely spaced -bints.

Table 1. Measured ioht orbntation and spacing for the Castlegate Sandstone wihh tre Wld Horse Ridge
lesorve.

Locatbn Joht set 1 Set 1 , ft Joht set 2 Set 2 Joht set 3o
G

A
B
c

D
E
F
G
H
I

N16'.25" E

N10" -17"E

N15"-20" E

N 1 8 " E

N17"-28" E

N18 'E

Nl5"E

Nl5".23"E

N13" -21"E

3-6

3€

10-rc subordipted
johts at 3

5

3€

6-8

2-6

1 €

2-10

s75"€5"W 12

N85"-90"E

S87"E

sgz"E
sgs"E

1 0

7

6-10

s77"-97"E 3.5 N52"E

2.3 Stress Field

Researchers from the former U.S. Bureau of Mines (USBM) ard private indrutry have made a
number of stess measurcments in mircs on tlrc Wasatch Plateau. There are two stress measurements
in proximity of C.W. Mining's operatiorn (Maleki and others 1986). These measurements confirm
that the far-fieH stress field is unremarkabb. The horizontal stress is moderate and is bss than SOVo
of ttp vertical stress rnagritu&. We antbipate a similar stress field at C.W. Mining operatioru based
on observations of the lack of stress-induced stability problems (such as cutters) ard an analpis of
nrasurenrents in the existing reserve (Maleki and others 2000).

3
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oo 3.4 Mechanical hoperties

Site-specific geologb and rock nrechanfos data are limitecl, although MTI has colbcted large amounts
of information from adjacent properties. The available information on the values for rnechanical
propefties for Blind Canyon coal measure rocks within the existing reserve is summarized in table 2.
This data are in general agreenrcnt with rock testing results from East Mountain. Jones (1994)
reports the results of rock testing and notes uniaxial compressive strengths ranging from 6,0(X) to
12,000 psiforsandstones and 12,000 to 16,000 psi for shales (mudstones). Similar to the rocls on
the C.W- Mining property, the East Mountain units are generally stiff with Young's modulus ranging
from 1.6 to 3.4 million psi.

Table 2. Laboratory mechanical properties test resufts from core testhg
Uniaxbl com Young's modulus, millirn Pobson's ratb
2,000-3,000
15,000 - 17,0@
7,000,12,000

0.4 to O.45

3 t o 4

3 t o 4

0.3 to 0.4
0.2 to 0.4
0.3 to 0.4

oo

oo
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4.0 SUBSIDENCE CHARACTERISTICS

4.1 Subsidence Meclranisnre

Surfac€ subsidence occurs as a result of downward rock mass movenrcnt resulting from closure and
collapse of mined-out exca\xations. Surfac€ zubsilence processes result in both venical and horizontal
displacement of rocks. Three major rnechanisms of surface subsidence are associated with mining:
formation of sinkhobs, uniform settling, and formation of troughs. For the C.W- Mining plans using
either high-extraction longwall mining or room-and-pillar mining with rerreat, we expect rrough
zubsidence.

Trough subsidence is characterizd by the formation of a basin. Continuous fracturing from the mhe
to the surface usually does not occnr, and there is much bss abrupt surface fracturing than occurs
during sinkhob subsidence. Trough subsidence creates an elliptical shape in plan view and extends
over large areas, tlpically frorn hundreds to thousands of feet in breadttr-

There are three subsidence phases associated with trough subsilence. These are shown in figure 4.

. The subcitical phase occurs immediately in the beginning when movement is in a small area at
the center of the basin.

. The crirtcal phase occtus as the basin area expands when the maximum extent of thc downward
movenrent is reactrcd at the center. The critfoal excavubn wilth is gernrally larger than 1.4 times
the overburden thickness and is influenced by position and strength of competent lalars within
the overburden.

. The supercritical phase occurs as the basin develops a llat bottom. In this phase, the basin area
continues to increase with the cave area, but subsidence will remain u the maximum extent
attain€d in the critical phase.

Thus, the surface response to longwall mining activity, shown in figure 4, begins with the subcrithal
phase, then progresses to the critical phase, and fmally to the supercritbal phase. The subsiderrce
process first shows effrots on the surface as the upper strata bend. Teruion (expansion) causes near-
surface fractures to open ard new otrcs to be created. Figure 4 shows how the mirtdb portion of the
excavation expands as subsidence continu€s, going through a cycb of fust tension and then
compression, which closes tension cracks. The tighter and more uniform t$c cave, the better the
fracturing ard closing process. Fhal subsidence shows an excavation with the middle portions lower
in ebvation, but back to a trcar-original state. Areas on the edge of the excavation basin are subjected
to tensih strains.

Various geologrc ad mining factors affect the extent and magnitude of vertical displacenpnts. The
subsllence factor (ratio of total subsidence to mining height) depends on the bulking characteristics
of overburden rocks. The angle of draw lCentifies the limits of vertical disptacement beyond the
excavation boundaries (figure 4).or
tbl*ilxlmlogbs In Pap l0
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a) Subcritical excavation

/ \

Tensile strain
Compressive strain
Subsidence curve

r \- \
t  \ -

r. Original
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b) Critical excavation

surface

c) Supercritical excavation

Figure 4. Schernatic presentation of subsidence stages as extraction width is increased.
oo
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The best estimates for ths extent and magnitude of subsidence for the two-seam mining conditions
at C.W. Mining can be obtairpd by reviewing the results of long-term monitoring in Utah. The USBM
impbnrnted a comprehensive subsilerce study o\ler Ernrgy West's two-seam longwall reserve from
1978 to 1989. The study monitored surface movements over four Blird Canyon and six Hiawarha
panels. The study addressed angb of draw, subsidence factors for single and multipb-seam mining,
and critbal wllttu Similar to the WiH Horse Canpn reserve, the mining area was bounded by faults.
Maximum subsidence was 68Vo to 727o of the extraction height for single- and two-seam mining
conditiors, reqpectively. This is in general agreement with other measurements in Utah that show a
subsidence factor of 70%. The angle of draw ranged between25o to 30o for single- and two-seam
rnining corditiotu, respectively. This reported maximum angle of draw is higher than average values
ficr Erergy West ard other Utatr operatioru (22.5" to 25o, Fejes 1985), but is significantly lower rhan
values reported by the British National Coal Board (NCB) (1975).

Surface subsidence is expected to be limited to an angle of draw of 25" at the Wild Horse Ridge
reserve. Maximum subsidence will occur toward the center of the mining area and wiil range from
5.6 to 13.3 ft for singh- ard two-seam longwall mining, respectively. For the room-and-pillar mining
method" however, rnaximum subsiderrce can be much smalhr because stumps and pillars are tlpically
left in the gob for ground control purposes. Measurements by researchers from tbe USBM furdicated
lower subsidence factors (0.3 to 0.4) (Jorns and Kotrli 1995; ldagers 1993). Applyrng this subsiderrce
factor to C.W. Mining colditions will result in maximum movement of 2.8 to 6.6 ft under single- and
two-seam mining conditions.

Standarrd subsiderrce engineering parameters, such as angle of draw and subsfulerrce factor, are useful
for estimating expected deforrnation and for comparing expected ground behavior in different mines
urder flat topography. fui angle of draw of 15o has been used in sorne situatiors by the BLM as a
simpb criterion for balancing the need for resource rFrovery ard protection of sandstone esarpnnnts
in Utah mirps. Conslbring ttr variatiors in topography over Utah coal mines, the angle of influence
is a better indicator of escarpment stability given the geologic and geometric conditions in Utah
(Mahki ard othn 2000) (attachment A). This angle nreasurqs the position of the escarpment with
respect to full-exraction mining limits (figure 5).

4.2 Rock Moverrrent Associated with Escarpnrcnt hstabili?

Full-extraction mining at the Wild Horse Rftlge will reach the supercrirical ptrase with tensile strains
forming o\€r the boundaries of mining blocks. For escarpment edges that are near-paralbl to panel
bourdaries and/or joint orbntations, instability may result because of the formation of tension cracks
at the surface and shear failure at the bottom interface with the Blackhawk Fonnation This process
oontributes to hteral translation of the escarprpnt, depending on the Iocation of the escarpment with
respect to mining limits, escarpment shape (convex or concaye), effective height of the escarpment,
and ttr slope of the canyon (Mahki ard otlrcrs 2000). Instability of the escarpnrcnt results in release
of rocks from the escarpnrcnt face onto slopes below the escarpment. The travel distance is
influenced by the size of tlre rocks, surfbce geometry, and roughness conditions. Travel distances can
be calculated using rock fall simulation progams and/or measurements from similar ground.

Two sources provide information on the actud distarrce traveled by rock on the failrue of the
Castlegate Sandstone escarprnent: (l) extensive npasurenpnts taken at Energy TVest's longwall

O
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operations and (2) limit€d npasurements taken rpar the existing room-ard-pillar retreat mining aneas
to the west of Bear Canyon. Measurements at the Energy West operations indicate that travel
distances were approximately 800 ft (Semborski 2000), a distance that is in agreement with
estirnations at C.W. Mining. In contrast to the Energy West experience, however, the volurne of
failed rocks is significantty less at the C.W. Mining reserves, This assertion is rnade based on
inspection of escarpment stability along Bear Canyon by C.W. engineering ad MTI staff (frgure 2)
after the completion of mining in the Blird Canyon and Tank seams. Similar to the Energy West
experience, instability is confined mostly to concave areas, but the volume of failed rocks is lower.

An estimare of the volume of faibd rocks was obtairpd by C.W. Mining staff using field observations
over ttre existing mine. Estimated volunps for lOGft-long study cells are between I to 10,000 ft3-
This volurne reflects changes resulting from rnining the Tank Seam. Many arcas have been fully
undermined in truo seams without significant impact on escarpment stablity. The lower bench of the
Castbgate Saldstone (20 ft high) experienced skin failurc during extraction of the Tank Seam. The
diameter of the failed rock averaged 2 ft and ranged from 6 in to 6 ft in dianreter.

Following are factors that favor t}re stability of the Castlegate escarpment at the Wild Horse Ridge
reserves.

The mine layout is oriented 45 " from the direction of major joints, a factor that is favorable to
escarpment stability. This is because mining can activate movements along preexisting joints if
they are paralbl to panel orbntations, particularly at shallow depths.

The Blind Canyon Seam is significantly thinner than in the existing mine (11 ft on average in
comparison to 16 ft). The lower total extraction results in lower subsidence, lower tensile strains,
and less potential for escarprnent instabilities.

The planned use of the room-ard-pillar mining method near most of the escarprnents is berpficial
because this rnethod is associated with approximately 50% lower subsidence than full extraction
longwall mining (subsiderrce factor of 0.3-0.4 in comparison to A.7). The lower subsidence
translates into lower surface strain and thus less potential for escapenpnt instability. However
since the Tank Seam is located closer to the Castlegate Sandstone, overall, we exp€ct slightly
less deformation than calculated for similar conditions in the Energy West longwall operations
mining the Blind Canyon Seam.

The exposed thklcress of ths Castbgate Sandstone is lower (50 to 200 ft), particularly nsar Fish
Creek Canyon, in comparison to full exposure at neighboring mines,

o
J
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Figure 5. Schematic presentation of pertinent geologic and geornetric factors.
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5.0 CASTLEGATE SANDSTOT{B STABILITY

Based on principles of subsidence engineering, geologic investigations, and data available from
escapement monitoring on the Wasatch Plateau, we expect ground reactions to tu,o-seam room-and-
pillar mining in the C.\V. Mining reserves to be similar to the mechanisms studied in the neighboring
Energy West mirrcs. Thus, to evaluate Castbgate escarpment stability, we use the model developed
for the Elrrgy West operations while using site-specific geologic and geonrctric conditions obtained
for the Wild Horse Ridge reserve.

In this section, we will briefly review the development of this statistical model, identr$ important
variables that influence escarpment stability, and finally, use the model to estirnate the potential for
escarpment instability in ttle Wild Horse Reserve study area.

5.1 The Escarpment Stability Model

MTI has used multipb-regression analpis technlues and a wealth of data collected over many years
on geology, mining, and escarpment stability to develop this model An index related to the volume
of failed rocks (called the failure index) is used as the response variable after several other factors
wene considered, including measurernents of surface deformation and frequency of mining-induced
surface fractures. Geologic and geometric variables were obtained along miles of escarpment
exposue atTO study locations. Regression analpis of data for the fust 29 study locations, which had
been fully undermined, showed that surface topography (or the shape of the escarpnrcnt) plapd a
critical role in influencing escarpment stability.

More recent regression analysis of data from 70 study locations identified several other important
geologic attd mining factors that hfluence the stability of the sandstone escarpnpnt. These are-

' Thiclcness of the Castlegate sandstone
. fuigh of mining infhrence (nnasuring the position of the escarpment ledge in comparison to full-

extraction mining limits), and
o Canyon slope.

The failure index is higher at, locations where the canyon slope is steeper (figure 5), tlrc Castlegate
exposed thickness is higher, and full extraction is comphted beneath ard beyond the escarpments.
It is interesting to note that joint characteristics are not an influencing factor where an area is fully
subsided.

5.2 Escarpment Instability Level

To charactorlza geologp and mining factors along the Wild Horse Reserve study area, we used field
estimates of exposed escarpnpnt thickness, inspected availabb borehole logs, and used multilayer
rtaps prepared by the C.W. Mining staff (figrrre 2). The Castlegate escarpnpnt was divided into 158
study cells, each approximately zffi ft wide.

To evaluate escarpment stability, we calculated the failure index for each study cefi given can]'on
slope, thickness of exposed escarpment, and influence of mining angbs. Attachment C presents a

o
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oo histogram frequency diagram for these parameters. Results were summarized in figure 2 in terrns of
three instability levels:

. L,ow ( not likely to have significant spalling),

. Medium (likety to have spalling), alrd

. High (very likely to have signifrcant spalling).

Considering the accufttcy that can be achieved for calculating geologic and geornetric factors using
e*isting overlaln atd fieH observations, the proposed instabrlity hvels provide a conrrenient means
of assessing the potential and severity of escarpment instability. The areas itlentified as highly
unstabb will benefit from monitoring. Monitoring shouH also be consllered at other areas,
depending on functional requirements for the canyon and safety and environmental consems. For
instance, we recommend limit€d monitoring near study cells 78-79 because of a lack of indepth
geotechnical data, among other factors.

oo
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6.0 SIMULATED TRAYEL DISTANCES

In section 3-2,lve provided a discussion of travel distances for failed rocks using experience from
both existing (west Bear Canyon) and neighboring mines. In this scctiou we will provide estirnates
of travel distances by using the Colorado Rock Fall Simulation program. For this, we will use the
program (1) to simulate rock movenrents along an existing failure path (section A-A', west Bear
Canyon) for calibration of the rnodel and (2) to estimate travel distances along a sebcted location in
the southern Wild Horse Ridge reserve area (cross section B-B', figure 2).

6.1 Background, Colorado Rock Fdl Simulation Progrem

The Colorado Department of Transportation in collaboration with the Colorado School of Mines
developed a computer program (CRSP) for simulating rock movenrent along slopes and canyorx.
The prograrn is bascd on detailed observations of rock falls, as well as considerations of the
kinematics of a rolling block. To estimate a statistical distribution of travel distances, thc prograrn
uses canyon profib, rebourd, ard frio{on ctrarrcteristics of tbe canyon floor and the kirrcmUic energy
of a selected number of rocks rolling down the canyon.

The program has been exteruively used by the Colorado Dcpartment of Transportation, as well as
by Energy West, with good succ€ss. Based on extensive simulations and back-analpas of travel
distances at the Errcrgy West operarions, it is possible to estimate travel distarrces reliably for similar
conditiotu at the neighboring C.W. Mining operatioru. To cahulate travel distances, one needs to
divite the traral path into segrnents, each ha*'ing specific frictional and rebound characteristics. To
get a range of possibh travel distances, the prograrn simulates movements of a number of rock blocks
and creates a histogram of travel distances, velocitbs, anC rebound heights at any specific analysis
point. The size of a rock block is an important paramebr and can be easily estimated by using either
Fint spacing at the source or by measuring the maximum size of rock that has traveled down faibd
slopes.

6.2 Simulated Rock Movemcnts

Egurm 6 ard ? present the results for west Bear Canyon and WiH Horse Ridge locations 6.A' ald
B-B', respectively- Attachment D irrcludes additional information regarding travel distarrces, block
velocity, and rebound heights. These simulations are based on 25 spherical rock blocks 6 ft in
diameter. This diameter was selected coruervatively, considering both the actual spacing ofpints
u the source and observed sizes of rolled blocks along the west Bear Canyon locarion (.5 to 6 ft).

Figure 6 is in general agreement with observations of travel distances, coruidering the accuracy of
topographic data near section A-A'. This section consists of nine mostly gently drpping segnrents,
and thtts the cahutat€d travel dbtarrces are limitpd to 770 ft from the source (Castbgate Sandstone).
The estimated trawl distarces are larger for steeper can)run slopes at the location of B-B', which can
reach a maximum distance of 1,200 ft from the base of the Castlegate Sandstorp. Figure ? presents
rock travel tralectorkx along the 13 segmenrs forming this profib.

oo
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Figure 6. Simulated rock travel distances and trajectories for section A-A' (figure 2).

oo
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Figure 7. Sirnulated rock travel distances and trajectories for section B-B' (figure 2).
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ABSTRACT

During the last decade, a significant amount of rescarch has been
conducted by Energy West Mining Company, governmcnt agen-
cies, academia, and consulting companies to develop predictive
tools for asscssing the stability of thc Castlegate Sandstone, which
is found approximately 25O m above rnultiple-seam cod rcserves.
Energy West Mining uses longwall mining techniqucs in its opera-
tions near Huntington, Utah, and thesc studies were initiated to
satisfy requirements for maintaining the stability of the Castlegate
Sandstone and rcsource recovery.

In this study, the authors havc used multiple-regression analysis
techniques and a wealth of data collected over many years on geol-
ory, mining, and escarprnent stability. The volume of failed rocks
is uscd as the response variable after several other facton were con-
sidered, including measurement of surface deformation and fre-
quency of mining-induced surface fractures. Ceologic and geome-
tric variables were obtained along 3.7 km of escarpment exposure
at 130 study locations. Regression analysis of data for the llrst 29
study locations, which had been fully undermined, showed that sur-
face topography played a critical rolc in influencing escarprnent sta-
bility. Preliminary rcglession analysis results from ?0 study loca-
tions identified several other important geologic and mining factors
that influencc the stability of the sandstonc escarpment. Thesc are
canyon slope, sandstone thickness, and mining influence angle.

INTFODUCTION

This paper prescnts progress being made in dcveloping a prcdic-
tive statistical model as a tool for asscssing thc stability of escarp-
mcnts in the vicinity of Energy Wcst's longwall opcrations neiu
Huntington, Utah. Such rnoCels are ideal for probabilistic risk
analysis so that the economic bcnelits of extracting coal rescrves
can bc compared to the likelihood of escarpment instability.

There arc two msthods routinely used by engineers and
researchers to help predict what conditions will bc in thc future:

statistical and computational. Starfield and Cundall (l) identify
rock mechanics problems as "data-limited," that is, one seldom
knows enorgh about a rock mass to usc computational methods
unambiguously. These methods, however, are cxtremely useful for
studying failurc mechanisms and testing different hlpotheses about
the cause of failure. Statisticd methods, on the other hand, arc
uniquely capable of being applied whcre therc arc good data, but a
limited undcrstanding of certain phcnomena, such as the mechan-
ism of escarpment failure (toppling, pure translation, or a combin-
ation of these and other mcchanisms).

Various investigators from both the U.S. govcmment and univer-
sities have used computational techniques for analping surface
subsidencc and escarpment failure mechanisms. The rcsults are in
general agreement with studies in the Sydney Basin of Australia
(2). A combination of two-dimensional, boundary-element (3),
frnite-element (4) and discrete-elcment formulations was uscd in
th€ U.S. studies. To overcome the limitations of using small-strain,
continuum Frnite-elerncnt methods, a hybrid approach was uscd- In
thi.s approach, frnite-element deformation wru imposed on a de-
uileddiscrcte-element model of the escarpment and the mudstone
foundation and incorporued both horizontd slip planes and vertical
joins (5). Researchers from the U.S. Bureau of Mines (6) also
completed a few preliminary threc-dimensional, fi nite-clemcnt
modeling studies. While successful in analyzing failure pattems
and mechanisms, these studies have clearly identified thc
limitations of numerical modeling techniqucs in matching
measurcd surface dcformation because of the data-limited nature of
these model ing efforts.

Stuistical and semi-andytical techniques have bccn used alter-
nativcly for many rock mcchanics problems wherc thcrc are good
data but limited understanding of sonrc natural phcnomena, such as
rock bursts (7), creep (8), and ground support (9-10). Australian
researchcrs (lt) havc uscd the rcsults of comprehensive frcld
investigations with othcr data analysis techniques to identify the
influencc of individual factors (such as horizontal movcmcnts and
cliff hcights) on cliff stability. Multivariate statistical evaluations
of thesc results are awaiting additional invcstiguion.
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The technical approach in this srudy consistcd of incorporating

and digitizing data on geology, mining, and escarpmcnt stability
coltected over many years in several mining arcas into a stadstical
model. This model is being used by mine personnel for routine
asscssments of escarpmcnt stability in new mining afeas eyen as
new data are being incorporated to enhance model predictions.
Model input consists of geologic and mining conditions, including
escarpment geometry. orientation of joina with respect to the
escarpment, joint density, joint continuity, and mining influence
anglc.

The authors implcmented the first phasc of the study during
1997, collecting detailed geologic and mining factorS at 29 study
locations, each 30 m wide. Phase I consisted of (l) characteri-
zation of geologic, mining, and response variables in the study area
and (2) analysis of patterns secn in the data and identification of
important variables through the use of multilinear rcgression
models. ln the Corncob Wash study area, which is the primary
focus of this paper (figure l). the 1,000-m-long escarpment
exposure provided the opportunity to observe surface effects and
evaluate factors that contributed to escarprnent instability after
mining had been completed. In the Rilda Canyon study area, pre-

=r-1f-1 1- r-1
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Escarpment

mining conditions werc characterized in detail, and postmining
conditions will be observcd in thc ucar fururc as borh rhc Blind
Canyon and the Hiawuha seams are mined.

During thc second phase of the project, post-mining conditions
at 4l study locations in thc South Ncwberry study arca wcrc
characterized along thc !,2(F-m-long escarpmcnt. Additiond
analpes are plannedwhen mining in thc Rilda Canyoo is complere
(phasc 3).

CHARACTERIZATION OF GEOLOGIC, MINING, AND
RESPONSE VARIABLES

The first step in developing predictive statistical models was to
crcate suitablc numerical values that expressed geologic and
mining conditions in the srudy area (figure l). The sccond step was
to reduce the numbcr of independcnt variablcs by combining somc
cxisting variablcs into new catcgories and identifying highly core-
latcd independent variablcs. Reducing thc numbcr of variablcs is
needed when there arc too many variables to relute to the number
of data points. The prcsence of highly corclatable variables influ-
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enccs what procedures are selected for multiple-regression analy-
scs. The third step was to develop a multivariate regrcssion model
and identify significant factors that contribute to escarpment
stability.

The study areas were partitioned into cells approximately 30 m
wide. This resultcd in 29 cells for the Corncob Wash study area
and 4l cells in the South Newberry area. Thc authors estimated
geologic. mining, and rcsponsc variables for individual cells bascd
on field mapping, examination of borehole logs, and aerial photo-
graphs obtained beforc and after mining. Tablc I presents statisti-
cal information, including mean and standard deviuion for the fint
29 cells in the Corncob Wash study area.

Most variables are self explanatory. A brief description of some
of the variables (in itdics) is given below.

. Joint sets I and 2 arc the primary and secondary persistent joint
sets mapped in each area.

. The angle between joiilt scts and an escarp,nent can influence
escarpment stability, a hlpothesis that is based on observations
of subsidence-related fracturing in the western United Stucs

(12). Using this hypothesis, ar ccarpment may have a highcr
probability of failurc where thc urgle berwecn joins and rhe
escarrpment (or mining boundaries) is small (0' to 30').

The excavation width-to-depth rario is similar to a subsidencc
enginecring tcrm (t3) that rclatcs the total width of an
excavation to thc avcrage dcpth of cover over the panel of
intcrest. This ratio meixiurcs changcs in subsidence mode as
excavations are widened during mining of successive pancls. As
the ratio approaches 1.4, a supercritical subsidence stage is
reachcd.

Bascd on a rcview of mining maps and cxpcrience in Ncwbcrry
Canyon (4-S), escarpncnt slapc (convex or concave) appears to
influence escarpment stability and thus is included as a geologic
variable. Observations in Newberry Canyon by rescarchcrs from
the University of Utah indicate that virtually all of the failures
occurrcd in a concave portion of the escarpmen(. A hypothesis
was that naturd erosion of the escarprnent took place at a faster
rate at these locations as a result of greater premining joint
density (5).

Table 1. Population statistics lor the Corncob Wash study area
Variable Mean Slandard deviation

A. Geologic:
Angle between joint set 1'and escarpment, deg .

Angle between joint set 1 ard longwall face, deg
Angle between joint set 2' and escarprnent, deg .

Angle between joint set 2 and longwallface, deg
Jointset 1 spacing, m .. ,

Joint set2 spacing. m . . .

Horizonlal conlinuity lor joint set 1, m
Horizontal continuity for joint sel 2, m
Vertical continuity for joinl set 1, rn

Vartical continuity for joint sel 2, m

Joinl set 1 and escarpmenl index

Joint set 1 and bngwallindex

Joint sel2 and escarprnent index

Joint set 2 and longwall index

Joint set 1 index

Joint set 2 index

Erosion under sscarpment index .
Escarprnent shape index .

Canyon slope, percent . . . .
Escarpmenl slope, percent

Thickness of Castbgate Sandstone, m .. . . .. .

Seam-tesandstone distance, m . . .

B. Mining:

Influence angle. deg

Excavation widlh-to-depth ratio

27

61

57

l 9

9.5

9.5

6.4
8.5
4

2.4
1 . 1

1 . 2

0.2

0.4

3.9
0.9

0.1

0.9
80

218

76

237.8

7 1

2.5

1 . 4

27

24

26

1 2
1 2

1 4

6.5

7.6
3_6

0.8

1 .7
1 .8

0.8
1 . 2

5.2
1 . 0

0.3

0.3

9
45

6.4

5.5

1 1

0.6

0.4

C. Resporse:

Failure index .

o



. The influence anglc is defined as the angle from a horizontal
planc and a linc from the mining limit to the basc of the
Casttegate escarprircnt (figure 2). This anglc is 90o where thc
cscarpmcnt is directly above the mining limit and ovcr 90" in
areas outside the rnining limit.

Severd indexes werc crealed to combine joint data from various

data scts into a single variable

' The joint set I and escarpment index (or INJS|E) took values 0
to 4, depending on the amount of deviation between a joint set
and the escarpment (figure 3).

. The joint set I and face index (or INJSiD took value.s 0 to 4,
depending on the amouot of deviation between a joint sct and a
longwall face.

. T'he joinr sar / index is a cumulative measure of joint orientation
and block size -

INJSiE + INJSiF + horizontal continuil,y x vertical continuity +
spacingr where INJSiE = the joint set I and cscarpment index
and INJSiF = the joint set I and face index.

. The erosiott under escarpmettt index equals values of I and 0,
depending whether the area under the escarpmen( at the par-
ticular cell is eroded or not.

. The $carpment shape index equals values of I and 0 for
concave nnd ggnvex cscarpment geometries.

. Thefailure index equals valucs of 0, l, and 2, depending on the
estimated volume of failed material within the cell of interest.
The failure index was selected from among other response
variables, including tensile cracking and vertical and horizontal
movement on the surface, because it best describes the stability
of the escarpment and can bc estimated for each cell. The

19th CONFERENCE ON GROUND CONTROL
failure index is used as
analyscs.

IN MINING
a dependent variablc in rcgression

TRENDS IN DATA AND IIIIPORTANT VARIABLES

Becausc therc are many variables that could influencc thc
stability of tbe escarpmeot (tablc l), it is important to study trends
in the data urd use prudent statistical proccdures that takc into
account thc interrclationships among independent variables. To
study thcse rclationships, a bivariate correlation matrix was
constructed to mcirsurc thc lincar corrclation among geologic,
mining, and response variables. The corelation matrix includes
correlation coefficient, number of data points, and two-tailed
significance tcsu. The corretation coefficient (r) indicatcs the
srength of linear rclationships betwcen any pair of variables.

Bas€d on a review of the correlation matrix, thc authors found
fair conelation between the failure index variable and several
independent variables, as well as among somc independent
variables. For examplc, the correlation coeffrcients between the
failurc index variable and the escarpment shape and influence
angle vuiable are 0.58 and 4.48, respectively. However,
escarpment shapc and influence angle happen to have fair
correlation as well (corrcluion coefficient equals -0.48). Thus,
there is an interrelationship among the indepcndent variablcs that
can be taken into account using step-wise inclusion of these
independent variables while conducting multiple-regression
analyses (?).

To identify important factors that contributc to escarpment
stability, a multiple-regrcssion analysis was used. Escarpment
stability was cstimated using the failure index as the dependent
variable. Thc multilinear regre$sion procedure consisted of enter-
ing independent variables one at a time into the equation using a
forward sclection method (14). In this method, a variable is
cntered into the equation using the largest correlation with the
dependant variable. If a variablc fails to meet entry rcquirements,
it is not included in the equation. [f the first variable meets the
criteria, the second variable with thc highest partid corrclation is

Joint indexEs:

INJSIE ' il il
c = 0 t o  3 0 ' o r
F = 0 l o  3 0 '

tNJStE = 1 it
olhembe

ll,lJSlE ' O il
No ioints ara prcs€nl

Joint set l1
o = Angle between Joint s€t 11 a d Escarpment

&int ssl ,2
p ' Arqla b€twocn Joint set fl2 and EscarFnent

Flgurc 2. lllnlng and ascarpment geometry Figurc 3. Escarprnent geometry end gcological dlscontlnultlar
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then selected and tested for entering into thc equation. This pro-
ccdure is very good whcn there are hidden rclationships among the
variables. The multiple corrclation cocfficient, R, which is a
rnrasure of goodness-of-fit, for the last stcp is 0.68.

Based on an examination of standardized rcgrcssion coefficienc
for the first 29 cells, thc following variables bcst explain variatjons
in thc failure index.

. Escarpment shape index. Thc lower the escarpment shape
indcx, the smaller the failure index. This is in agrecment with
cxpcricncc in Corncob Wash and other arcas where convex
areas have historically remained stable when undermined.

, Joint set 2 and escarpmcnt index. This is the only geologic
variable that contributes to goodness'of-fit in a mathematical
sense. Because thcre are very few secondary joints mapped in
the Corncob Wash study area, it is not clear to the authors how
relevant this factor is to escapement stability.

New data from the South Newberry Canyon have recently
become available and werc incorporatcd in the model during phase
2. Preliminary results using a total of 70 cells have identified
scveral other important mining and geologic factors, including
canyon slope, thicluess of Castlegate Sandstonc, and minhg

Wuence angle. The failurc index is higher at locations whcre the
canyon slope is steepcr, the Castlegate escarpmenl is thicker, and
full extraction is completed beneath the escarpm€nts.

coNcLUstoNs

Based on the regression model and obscrvations of escarPment
behavior prior and after longwall mining, the authors have
identified important factors influencing escarpmcnt stability. It is
shown that surface topography (escarpment shape) played a critical
role in influencing escarpment stability and that convex escarPment
geometries remained stable after the area had bcen undermined.
Work is in progress to enhance existing models by including data
from other study ueas that have different geologic, geomctric, and
stability conditions. Prcliminary results from a ncw study arca
(South Newberry) have identified several other important factors,
including canyon slope, thickness of the Castlegate Sandstonc, and
mining influence angle.
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Abstract

This study prescnts a historic overview of the role of mobile roof
suppon (MRS) technologies in improving stabiliry and worker safety
and presents the results of recenr field evaluations of the MRS load
rate monitoring device and other remote deformation-monitoring
techniques. Field studies were implemented at two sites in coopera-
tion among resanrchers tiom the National lnstitute for Occupational
Safety and Hedth (NIOSH). Maleki Technologies, Inc., and J. H.
Fletcher & Co. The objective of the field programs were to (l ) study
the interaction between tvtRS's and coal mine strata and (?) develop
and test suitable monitoring systems for assessing roof and pillar
stability. An MRS consisu of a roof canopy, fourhydrauliccylintlers.
a caving shield canopy. and associated electrornechanical systems
rnounted on crawler tracks. The machines are controlled by radio
frorn a remote locarion and operate on self-contained power units.
Typically, MRS's have capacities of 5,340 and 7,120 kN (600 and
800 tons). In comparison Io posts. an MRS is capable of mainraining
the yield load after significant amounts of roof-t'loor deformation.
Because the mining cycle is accelerated, MRS's help reduce the
potential for timedependenr roof falls.

MRS pertbrTrurnce has been monitored in the laboratory under
controlled static loading condirions and in the lield under decp, two-
scam mining conditions. laboratory studies have quantified support
capaciry and systern stiffness as a function of machine height. Field
investigations have focuscd on determination of optimum operating
conditions and development of waming systems that indicate exces-
sive load on the machine and/orimpending roof-pillar subility prob-
lems. Analyses of field data show that roof instabiliries are influenccd
by (l) pillar failure, (2) pitlar yielding. (3) mine seisrnicity, (4)
geologic structures, and (5) panel layout designs and mining practice-
Pillar yielding and failure (unloading) and scismicity can be conveni-
ently monitored by the load rate monitoring device, but for consistent
detection of roof falls, additional deformation nreasurcments directly
within the cuts are needed.

INTRODUCTION

Room-and-pillar minin-e is one of the oldest methods used for the
extraction of tabular ore bodies. In this rnethod, a series of rooms ure

.F|ilil
and Health, Spokane. WA

driven on advance using continuous miners and shuttle cars while the
roof is bolted a short distance behind the face. During the rereat. the
same equipment is used to mine the pillan. which allows roof rocks to
cave behind the face. To control the cave line, a scnes of secondary
support systems are installed as mining continues within rhe pillars.

The room-and-pillar rnining me$od is at a disadvantage when
cornpared to other mining techniques. such as lon,cwall mining.
Because of economies of scale, productivity using room-and-pillar
minin*e is signiflrcantly lower. The longwall method is also much safer
because the retreal is completed under the protecrion of self-advancing
hydraulic support systems at the face. However, durin-e the last two
decades, federal laboratories, rnining companies. equipment manufac-
turers, and geomechanics consultants have cooperatd to improve the
understanding of strata mechanics and develop a remotely controlled.
self-advancing support system called a mobile roof support (MRS).
This cooperation has resulted in irnprovernents in the safety and
productivity of room-and-pill ar retrcrt operations.

Figures I and 2 illustrate generic panel layouts and pillar ertraction
s€quences for two typical room-and-pillar retrsat systems. The f,rrst is
three-entry access and retreaa to one side, while the second is nine-
entry access with full retreat within the panel- In the first system,
mining srarts by driving a three-entry panel access to the boundaries
of the room-and-pillar panel. A three-entry system using narrow rib
pillars is developed to the side and retreatcd. Afier pullin-c one rcw of
pillars, another row is driven into the solid coal block, and the
sequence is repeated until the panel coal is extracted. Pillar recovery
op€rations consist of splining the pillars and fenden. Figure lA
presents the rnine layout at four stages of pillar recovery. Figrc l8
shows the sequence of the pillar cuts, rypical posidon of poss, and the
location of unmined stumps for the extraction of a pillar using the
split-and-fender nrcthod.

ln the second system, a nine-entry access is developed on advance
to the panel boundarics. The pillars arc then extracted until the entirc
panel is mined. Figure 2{ presents a panel layout and the location of
MRS's u three intermediate stages of pillar recovery using the
"Christmas tree" rnethod. Figure 2{ shows the scqucncc of cus taken
from two pillars where MRS's arc used as secondary support. Many
variations in these two panel layouts and excavation sequences are
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Figure 1.-Mine tayout (n) dnO pillar extractlon sequence (8)
using split-and-fender methocl with posts.

practiced in U.S. coal mines. New applications of rhe rhree-entry
system involve use of MRS's instead of posu and eliminates fenders
completely.

After completing an analysis of rhe hazards of room-and-pillar
retreat mining systems, it becarre apparcnt to the authors that safety
could be significantly improved by considerations of (l) human
factors, (2) remotely controlled MRS's. (3) minc layout designs, and
(4) ground monitoring systerns. A significant effort was directed to
studying the above factors both in the laboratory and in the fictd.
Recent geomechanics field evaluations focused on idenrifying failure
mechanisms and critical levels of load and movemcnt rates that are
indicative of impcnding stability problems.

Figure 2.-Mine layout (A) and piltar extraction sequence (B)
using Christmas tree method with MRS's as support.

HUMAN FACTORS

Several human factors considerations were identified during an
earlier geomechanics field srudy (Maleki l98l) in which the main
objective was to idenrify causes of roof stability problems and develop
practical monitoring techniques for deteaing these problems (Maleki
and McVey 1988). These factors were (l) the number of pcople
required at the face, (2) the amount of tirne rcquired ro work at rhe
cave line, (3) poor footing in entries, which influenced timely escape
during a roof fall. (4) worker reaction at the time of a roof fall, and (5)
the judgment-based nrcthods used by miners to evaluue the stability
of the roof and dctermine the optimum tirne for retrieving miners and
equipment.

A large crew is required for conventional room-and-pillar rereat
operations because posts must be dclivered, cttt to size, and installed.
Each installation tak6 approximarely 20 minutes and requires two to
three workers. Debris on a mine floor can *cumulate quickly and
create poor footing. Miners must judge roof srability continually on
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the basis of observations of primary and secondary suppon behavior
(bending of roof platcs, crushing of posts, crc.). ln rhe study minc,
when the roof caved prematurely and trapped a miner in a cab, other
miners rushed to help. A second rock fall could have resulted in ser-
ious i njury to rescuers (Maleki I 98 I ). This could have eosily happen-
ed. considering that many posts had already been broken and somc
had been knocked down during rhe hrsr fall.

DEVELOPMENT AND TESTING OF MRS

To irnprove the safety of roorn-and-pillar retreat systems. a two
step solution was proposed. First, rhe mechanics of suaa behavior
was studied through extensive freld measurements, and practicol
techniques for assessing rool behavior were developed. Second. a
prototype of a remotely controlled roof support system was developed
to eliminate the need to install posts near rhe gob. The machine was
equipped with a dozer blade so that t'loor debris could be cleaned rou-
tinely. which allowed casier uavel and escape. The prorotype unir
was developed by the U.S. Bureau of Mines in cooperation with an
equipment manufacnarer and a mining cornpany (Thompson and
Frederick 1986).

Comrnercial units have sincebeen developed by U.S. and Austrian
manufacturers and are being used on two continents. The cornmercial
MRS units are more rugged and have higher capacities (5,340 to
7,110 kN [600 to 800 tons]) (Wilson l99l: Howe 1998) than the
protorype. They consist of a roof canopy, four hydraulic cylinders, a
crving shield canopy, and associated electro-mechanical systerns
mounted on crawler tracks. The system has radio control and selF
contained power units. Becausc of their greoter mobility and because
they allow higher resource recovery, they are cunently being usod in
36 U-S. coal mines, as well as a number of Australian mines (Shep-
herd and Lewandowski 1992; Habenicht 1988).

MRS performance has been monitored both in the laboratory and
in the field by NIOSH and MTI personnel, Laborarory invesrigations
t'ocused on an evaluation of suppon stiffness and load-carrying
capacity under controlled static loading conditions. The study
quantified system stift'ness as a function of machine height for both
two- and three-stage hydraulic cylinders (Barczak and Cearhart 1997,
1998). The advantage of the three-stage cylinder design is greater
operating range, but a disadvantage is reducecl suppon sdffness.
Each unit has the load-bearing capacity of six posts and the stiffness
of two hardwood posts (Barczak and Gearhart 1997). The study also
iden ti fired i nac curacies in hydraul ic cyli nder pressure meas urements
of roof loads when the bottom cylinder stages were fully extended.

The mechanics of load transfer frorn pairs of MRS's to the mine
strata was analyzed using laboratory rcsults, boundary-element
modeling, and analytical solutions. The results showed that MRS's
support roof rocks near the machines, but do not have the capacity to
control ovcrall roof-floor convergcnce and overall stress distributions
because the MRS's are considerably less stiff than coal-measure
rocks- tn comparison to posts, however, an MRS is capable of
maintaining the yield load after significant amounls of roof-floor
deformation. Bccausc the mining cycle is accelerated, MRS's help
reduce the potential for tinedependent roof falls.

To study the influence of pairs of MRS's on the mine roof, the
authors uscd analytical solutions for two pain of MRS's positiooed
5.5 m (18 ft) apart (figure 3) (Maleki and Owens 1998). Results

Ground Control in Mining

DISTANGE, M
2 4 6 8

Figure 3.-Stress isobars along A-A' lor trivo pairs of
MRS's at 5.5-m spacings.

showed that MRS's form a pressure arch in the immediate roof that
reduces the potential forroof falls in the space confined by the MRS's.
This is benefrcial for protecting a continuous miner when it is operat-
ing within this space. lt was also found that higher MRS capacities
and setti ng pressurcs are usefu I for stab ilizin g the upper strara, but may
contribute to differential loading on the imrrrediate roof, failure of
mechanical bolts, and reduction in the stabiliry of rhe immediare roof.

Early field evaluations focused on a comparison of ground
moyernents in two room-and-pillar retreat sections using thc split-and-
fender method with posrs (ngure l) and rhe Chrisrmas uee rnethod
with MRS's as the secondary supporr system (figure 2). ln addition,
ft€ history of hydraulic prcssure was analyzed for alt four MRS legs
(Hay et al. 1995). Deformation mcasurements indicared generally
higher srara movernen! ar the inrersections in the section using the
Christmas trec mcthod. Bccause of differenccs in geologic conditions
and mining practices, it was not possible to make a direct comparison.
We recommended that nunrrical rrodeling of these geonnries address
minc layout designs while keeping geologic condirions consranr.
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PANEL LAYOUT DESIGN

Errly lield studies identified rhe imponance of rnine layout designs
and rcvealed the dangers of overconfidence conceming the ability of
lvlRS's to suppon the entire area. Such overconfrdence contributed
to workers choosing unsafe operating locarions. Thus ir became
apparsnt to the aurhors thar to improve srability, layour designs rhat
control convergenceand stress should bedeveloped. To illustrate rhis
poinr. boundaqv'element analyses were completed in which stress
distributions were calculated in both single and rnultiple seams.
Thesc analyses were also helpful in tailoring rhe rype of monitoring
required to assess changes in the stability of the mining system.

Ttre tirst study compared suess distribution and convergence
pa(terns tbr t*'o pillar recovery plans: splir-and-t'ender and Christmas
tree. llodel inpur was brsed on e.rtensive hboratory and t'ield meas-
urements in one mine (Maleki l98l), and modeling procedures were
based on a methodology developed tbrcoal mine excavarions (Maleki
I990: Maleki and Owens 1998). The analyses were cornpleted fbr a
typical depth of 305 m 11,000 ft).

Figurc4 presenrs rhe calculared root'-tloor convergence tbr a point
in the intersection tbr two pillar rccovcry merhods (point B in t'igures
lA and 2A) and provides guidance for selecring moniroring sysrems.
Note that calculated detbrmation significanrly increases within a
mining stcp. which is associated with rhe firilure of fenders and
stumps, MRS's willtheretore experience an increase in both venical
and lateral suppon loadin_e as f'enders fail. Since fender failure
induces differenrial movefitenr in the mine roof, a roof fall may be
triggered- Such a roof fall may be sensed through moniroring either
roof movemenrs or possibly MRS leg pressures, The change in
convergence that occurs as a result of failure of the fenders is large
enough to cause a change in leg pressurc and can be conveniently
detected by the load rate device. Obviousl.v, changes in convergencc
and roof movements may besr be directly derecred by monitoring
roo t'- floor movem€ne ( lvlaleki I 98 I ) i f inadcquacics i n measuri ng rhe
hydraulic leg pressures of the MRS's are suspected.

Roof'-floor convergence is at least l07o higher using rhe Christmas
tree method, as illustrated in tigure 4. To control convergence, a
stump is left in thc rnodel (figure 2). Funher improvements in
stability and conver_qence can be achieved by changing rhe size of the
stumps and pillars left behind while considering site-specitic

' , 2 3 4

MINING STEP
Figure 4.{alculated closure for spit-and-fender
and Christmas tree rnethods at location L

on Ground Control in Mining

structural conditions (i.e., using engineered rnrne layours cnd cxtrac-
tion desi*rns).

)vlRS's are used olien when miningdifficuh reserves. such as where
there are errlier workings in adjacent setms. In a second *udy in a
cooperaring mine dcscribed here, nurnerical rnodeling techniques and
field data were used ro show how two-serm layouts influence stability
and support response- Thc mine uses the room-and-pillar technique to
extftrct threc-seam reserves in coal fields on the wasatch Plateau near
Huntingon. Urah. Thesc scarns are locared toward the base of rhe
Blackhawk Formation and consisr of the Tank, Blincl Canyon, and
Hiawatha. The Tank Seam is presently being mincd in an area
panially undermined by rhe Blind Crnyon Serm. approximarely 85 m
(280 tl) below. Thus. mjning layour and piilar pullin-r plans are
compler. The tesr site in rhe Tank Serm is located in r graben
bordered to rhe east irnci wesr by rwo major taults (tigure 5). North-
south-trendin-e joinrs are cornnnn in the secrion ond intluenced by
mining and cavins process during exrracrron of the Blind Canyon
Seam.

Figure 6 presenrs Tank seam minin-s geomerr-v and venicel stress
distributions over a ponion of the lwo-seam mining are:rs cruring the
cxtracrion of pillar 3. A srress protile was also prepared {figure T)
along an east-west cross secrion positioned towanl thc middle of the
rnodcled area (awav tiorn the acrive face in the lst Nonh Mains).
Modeled geomerry in rhe Blind Canyon Scrm was limited ro the fully
retreated 2nd Ersr panel. This panel lies direcrly under the lsr Main
North. bur shitis some 34 m (80 ft) toward rhe east and so the last
(most westeriy) row ot lsr Nonh Mains pillars is nor undermincd.
Modeled areas in the Tank Seam include a fully rererted room-and-
pillar panel to the wesrern boundar-v of the model lrop of rhe pa_ee) and
a43-m- ( 140-tt-) wide barrier pillarberween rhis gob and rhe I sr Nonh
Mains (figure 5)

Results indicate a nonunitbrm stress distribution overrhe lst North
Mains. Pillar srresses increase to the west across the lst Nonh Mains.
Maximum stresses are concentrated overthe last row of pillars (row 8)
and the barrier pillrr. This is in agreement with undergrouncl
observations indicering large umounts of rib spalling and tloor heave
ncar pillar 8 in conrmsr wirh little (unnoticeable) rnovcment ro rhe east.
This two-seam rnining geomerry creared an opportunity to assess
machine pertbrmance in the tleld undcr these two differcnt loading
condirions.

Based on this and other mulri step stress analyses. it became
apparcnt that pillar srresses exceeded pillar strengh [2] tvlPa (3,000
psi)l (Mateki 1992) when approximarely half a piilar was extracred.
At this time, the pillar exceeded yield loads and was approaching the
post-fai lure regime. Seisrnici ty noriceabl y i ncreased. Pi ttar unloading
resulted in increased roof-floor convergence and load transfer to the
MRS unis nearby. This process was associated witb an increase in the
rate of loading on rhe MRS's. Roof falls may be triggcred by
additional movemenl, panicularly if smooth joints are present.

DEVELOPME}{T OF GROUND IvIONITORING sYsTEMs

Duri ng fi eld resrs i n undergrou nd mi nes, the autho rs identifi cd three
factors tbat mighr adversely influence worker safety in an MRS
section.
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Figure 7.-Vertical stress profile along section A-A'.

. Ejimination of posts recluced a worker's ability to rssess roof

conditions.
. Overconfidence in the ability of lvlRS's to suPPon the entire area

caused some miners to chose unsafe operating positions.
. Use of MRS's on a routine basis under adverse geologic and

mining conditions to recover reserves that were otherwise

unminable.

It bccame apparent to the authors that there was a need to develop

a warning system that would alert workers to unstable roof conditions

so that miners and equipment coulcl be removed before a roof fall

occurrecl. Two mOnitoring methods were chosen on the basis of rnine

mecsuremenu and nurnericrl modeling considerations. These were

load-rate rnonitoring on lhe hydraulic legs of MRS's and remote

monitoring of roof movements using r theodolite- A rcliable waming

s!'srem needs to combine both ground delbrmadon and load-rate data.

Theodolite and spads have bcen etfectrvely uscd for the remotc

measurernent of roof movements and tbr the detection of roof falls in

room-and-pillar operations (Malcki lgEl). In this applicrtion.

marked spads are installed in the area of interest during pillu recover-v

and ground movernents are remotely monitored using a theodolite (or

rransit). By nrersuring the change in venical angle, the rale of rOof

rnovement is calculated.

A loacl mte monitoring dcvice was developed by NIOSH that

monirors dynamic loading rates on an MRS in real time and displays

waming signals. Hydraulic supporrs such as the MRS provide little

or no discemible audible or visual indications of impending roof

stability problems. In MRS retreal mining sections, miners rely on

the hydraulic gauges on thc MRS's to determine when to ceose

operations and leave the arca of the active rnining face before a roof

fall. An imminent roof failure is sonntimes preceded by a rapid

increase in pressure on lhe dial gauges. However, these gauges are

difFrcult to read, requiring miners to approach the MRS to monitor the

gauges, which in turn rcquires thern to bc close to the activc mining

face, an area susceptible to roof falls, and in a location with a lot of

equipment activity. As a result, tniners do not check the pressurc

gauges often. Monitoring the rate of loading on MRS legs was shown

to provide warnings about major evenls, such as failurcs of fenders

and pillars. Thesc eycnts often trigger roof falls.

With rhe cooperation of the MRS manufacturer, J. H. Fletcher &

Co.. the device was installed and tested on MRS's in the laborator.v

anct in the field. The system is IvISHA permissible and operates as tn

on Ground Control in Mining

integral part of the MRS. Reseorch continues in unalyzin-c the datl

from recenr fietd insrallation and in idenrifying crirical loading

pafameters associated with roof and/or pillar srability problerns.

Necessary calibration can be done prior to installation or periodically

as mine conditions change, but need not be done by opcrating
personnel at the mine. The operatin-g Paramelers for the s:istem are set

by connecting the system to a laptop computer via an RS-232 null

modem cable with the communication terminal emulator acting as the

laptop client prograrn. This allows a rained user to change the

parameters for triggering the various load rate indicator devices easily

to suit conditions a( the rnine.

FAILURE MECHANISVIS .{ND MONITORINC RESULTS

!!IRS perlbrmance was rnonitored during the e.rtraction olone row

of pillus. Hydraulic leg pressures were collccted on all tbur MRS's

using Campbell Scienrificr date acquisition systcms. Two loading

rates ue used to analyze the loading histor-v of IIRS's: (l) Instan'

taneous loading rrte calculared by taking mexsurements every 2 sec

and (2) average loading rates cdculated by taking mecsurements
tbllowing an acceleration in loading rates up to a period of I hour.

The insuntaneous rate is highly variable but useful when cddressing

seismically induced even15. The average loading rlte is more suitable

lbr rddrcssing overall changcs in pillar stability.

Three time windows were selectcd to anal:/ze failure mechanisms

and machineresponse to applial load durin-e pillar extraction. lvlining

geornetry, MRS location, load histories, and roof fall locations are

illusrrated in ltgures 8,9, and 10.

Pillar F:r,ilure Mechrnism

lvtonitoring results during theertraction oithe sccond half of pillar

I clearly show the intluence of tbnder failure rnd deteriomtion in roof

stabitity. No roof falls occuned within the mining areas of interest
while mining pillar I (figure 8). However, three roof trlls occurred

near the outsicle boundary of the e.\cavation. These trrlls took place

durin_s and after e.\tracdon of culs I I and l2 when pillu tailurc was

in progress as the effective pitlar area wrs reduced. Nlarimum yield

load was achieved on MRS 4 during excxvation of the pushout cut,

completing the pillar failure process. The instantaneous measurcd rates

varied from 280 to -150 kPa/sec (40 to 65 psilsec) durin-e thes€ events.

Averagc load rates varied betwecn 75 to 105 kN/min (17,000 to

24,000 lb/min) during this process-

Pillar Yielding Mechanism and Geologic Suucture

Figure 9 presents mining geomerry and roof fall locations during

the cxtraction of pillar 2. Two roof falls occurred while completing

approximately 50% extfaction in the pillar. The first was outside of

areas of active mining during mining cut 12. The second roof fall

buried the continuous minerduring mining of cut l4; this roof fall was

structurally controlled by north-south-trendingjoints. At this time, the

effective area of the pillar was rcduced by approximately 50%' and

thus thc pillar approached yielding and the post-failure regime. This

asscnion is made based on suess analyses (figure 6) and loading

rMention of specific products and manufacturers does not irnply

endorsement by the National lnstitute for Occupational Srfety and

Hedth.
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a

pattcrns on MRS's I and 4 (figurc 9). Three minutes prior to this roof
fall, load on both MRS I and 4 increascd to approximatcly 2l MPa
(3,000 psi) and instantaneous load rates varied from 120 to 200
lcPa/sec ( 18 to 29 psilsec) with an average load rate of 670 kN/min
(15,m0 bf/min). In comparison to evcnts for pillar l, both load and
Ioad rates were lower because pillar 2 still provided sufficient
resistance to limit roof.floor convergence. We suspect tbat pillar 2
was in a post-failurc load deformation stage because there was a
gradual load incrcasc on MRS 4 during cquipnrent recovery
operations. At the termination of recovery operations, load was
approachin-e 28 MPa (4,(nO psi). Pillar yiclding thus appcar to have
triggered movements in roof blocks outlined by precxisting joints.

Seismically Triggercd Roof Falls

Figure l0 presents mining geometry and roof fall locarion during
the extraction of pillar 8 and the barrier pillar. Ar this location, only
MRS's 3 and 4 werc used. One roof fall, a block of rock l by I by 3.7
m (3.3 by 3.3 by t2 ft), occurred during the extraction of cut 5. The
block was structurally controllcd by north-south-trending joins. At
the time of failure, loads werc moderatc on borh MRS 3 and4 of about
2l MPa (3,000 psi) and instantaneous load rates were generally small,
76 kPa/sec (l I psUsec) with average load rate of 36 kN/min (8,000
lbf/min). A large, instantaneous incrcase in the load ratc of 390
kPa/sec (56 psi/sec) was rneasured on MRS 3 shortly before the block
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4 5
TIME, hr

Figure 11.-Roof displacement history prior to major roof lalls.

l'ell. The authors suspecr preexistin-e strucrures to havecontributed to
this roof fall. which was rriggered by hi,eher-rhan.normal mine
seismicity in this high-srrcss area.

Typical Deforrnarion Moniroring Results

Reliable detection of impending stability problems requires
monitoring both loading parrerns on MRS's and roof movemenrs.
This is iltustrated by presenting a roof deformation and major caving
history approximately 30.5 m (100 ft) behind the face using a
theodolite and marked spads at the study mine in thc Blind Canyon
Seam (figure ll). Note an incregse in roof deformation and roof
deformation rate prior to two roof falls. The deformation rate
exceeded a critical rate of 0.5 cm/rnin (0.2 ir/min) approximately 30
min prior to roof fall l. This critical rate is in closc agreement with
other nreasurernents of convergence in four other U.S. coal mines
(Maleki l98l; Maleki 1986: Maleki et al. 1999). The sccond roof fall
was associated with seismicity that was registercd as spikes in the
loading patterns on four MRS's.

CONCLUSIONS A}ID RECOMMENDED WORK

To eliminate sctting and handling posts and reduce the nurnber of
mine rs required to work near the cave line and at other dangerous lo-
cations, a remotely controlled MRS has been developed and tested in
the field. Optimum use of MRS's depends on careful panel dcsigns,
mine orienution, and primary suppon designs geared to expocted
geologic and stress conditions (Maleki and Owcns 2001). MRS's

0.7

0.6

0.5

0

-0.1

-4.2

-0.3

have a limited zone of influence around them and thus can best be
utilized in cornbination with orher MRS's and in conjuncrion with
ground monitoring systerns.

An inte-srated ground monitoring system was tesred in which the
simplicity of deformation rneasurcments werc combined with more
elaborate load rate monitoring on MRS leg cylinders. Analyses of
field daa show that roof instabilities are intluenced by four
rnechanisms: { I ) pillar failurc, (2) pillar yielding, (3) mine seisrnicity,
and (4) geologic structures. Pillar yielding and failure (unloading) and
seismicity can be convenienrly monitored by the load rate monitoring
deviss, but to detect impending roof falls, additional deformation
rnealiuremens directly within the cuts arc needed.

Preliminary rEsults show that roof falls occur when roof
movenrenc accelerare, reaching critical lirnits of 0.5 cn/min (0.2
in/min). Using averagc loading rates on MRS's at the study mine,
there is a high potenrid for roof-pillar failurc when the lvtRS loading
rate incrcases beyond 44 kN/min (10,000 lbflmin). At such high
loading rates, it is considered very likely for an MRS and/or rhe con-
tin uous mi ner to be buried during ci ther mining or relacating the MRS.
Between 22to & kN/min (5,000-10,000Ibf/min), su$iliry problems
are still likely to pose some risk to equiprncnt and worker safay.
Structurally controlled instabilities play abigger role at the lowerend
of this range, depending on minc rcismicity, geology, and operating
condirions. Below 22 htl/min (5,000lbf/min), rhe likelihood of pillar
stability problems is very low, and overall srability can bc controlled
through prudent support and excavation tcchniques.

Research continues in testing and evaluating MRS performance
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under dynamic loading condidons. The focus of furure ground
control research is to quantify and vcrify critical loading parameters
that are indicative of impending stability problerns under different
geologic conditions.
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ATTACHMENT B

PHOTOGRAPHS OF CASTLEGATE ESCARPMENT CONDITIONS

Legend
Following 13 pages present typical conditionsphotographedfrom positions I to 13 (figure 2)
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ATTACHMENTC

HISTOGRAM FREQUENCY DIAGRAMS FOR

VARIABLES

IMPORTANT
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ATTACHMENTD

PROGRAM OUTPUT FOR ROCK FALL SIMULATIONS



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  cRsp3  * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

COLORADO ROEKFALL SIMT'I.ATTON PROGRA!4

MODELS THE TRAiTECTORY OF ROCKS ON IRREGUI,AR SLOPES
USING SLOPE PROFILE, STIRFACE ROUGHNESS, ST'RFACE MATERIAL PROPERTIES

ROCK SIZE, A}ID ROEK SHAPE TO PRODUCE A STATISTICAL AI{ALYSTS OF
ROCKFALL BEI{AVIOR ON TTIE SLOPE

THIS PROGNAM HAS BEEN TESTED AIiID IS BBLIEVBD TO BE A REI,ABIE EMIINEERING TOOI,
No REsPoNsrBrr,rrY rs AssuMED BY THE AITflIOR ( s) FoR. ANy ERRoRs, MrsrAxBs, oR

MISREPRESENTATIONS TIIAT UAY OCCT'R FROM ANY USE OF THIS PROGR.AI,I

* * * * f * * * * * * * * t * t * * * * * * * t * * * * : l i r t r t i * * * * * f * * * * i * * * * + * ! t * t t * * * * * t * * * ! r * * i l a i ! t * r l * * * * t * : t

BEARWEST. DAT

ROCK STATTSTTCS

L8776 lbs SPHERICAL ROCK 3 ftr RADIUS

NTIII{BER OF CELLS 9
NT,MBER OF ROCKS 25
AI{ALYSIS POSITION 650 f t
INITIAL Y ZONE 84OO fT TO 8550 fT

INITIAL X VELOCITY ].  fTlsec
INTTIAL Y VELOCITY -1 fElsee



EELL DATA TABTE

BEART{EST. DAT

REI'IARKS: BEAR CAf.IYON WEST, BACK AI.IALYSIS

ST'RFACE TAI\IGEIITIAI NORM. COEF. BreINNING ENDING
CBLL# ROTIGHNESS COEFFICTEIm RESTTTUTION x,y x,yeaeeeeeaaeeeeaeeeaeaeeedaeeeeedaeeaaaaaaasaaiaaaaaaaaaAaa6aea6eaeddaaaaiiaaaaaaa

1 s .00  .85  .35  O.O,88OO.O gso_o ,eseo .o - -
2  L .OO .87  .37  350 .0 ,8560 .0  eso .o ,84oo .O
3 5 .00  .8S .3s  eso .o ,84OO.O ZOO.O,824O.0
4  s .00  .87  .35  700 .0 ,8240 .0  AOO.O,ergo .o
5  5 .0O .a2  .33  800 .0 ,8150 .0  112O.O,8OOO.O
6 5 .OO -82  .33  1120 .0 ,8000 .0  1250 .0 ' ,7g20 .O
7 5 .00  .82  .33  1250 .0 ,792O.O 13OO.O ' ,784O.O
8 s .00  .82  -33  1300 .0 ,784O.O 1?OO.O,zeoo .o
9  5 .00  .82  .33  17OO.O,?5OO.O 2250 .0 ' ,7440 .0

AI{ALYSIS POII{T DATA
BE.ARWEST. DAT

REI'IARKS: BEAR eAIifYON WEST, BACK AI{AIYSIS

A I { A L Y S I S P O I M I  .  .  . .  X = G 5 0 ,  y
TOTAL ROCKS PASSING AI'IALYSIS PoItilT

=840  0
24

CUMULA'TM
PROBABILITY

s0t
75t
90 t
9st
98 t

I'ELOCITY
f t l sec

4 4  . 5 L
5 3  . 4 4
6 L  . 4 7
6 5  . 2 9
7 L . 7 0

(NORI-IAL

EI-IERGY
f t l bs

822308
110  844  1
13  558  00
1520309
1593718

DISTRIBUTION)

BOUNCE HBIGHT
fu

o .s8
7  . 52

13  . 95
17 .75
22  . 0L

(LOG DISTRTBUTION)

VBT,OCITY BOT]NCB HEIGITT



eeeeeeee
Mtu(rMt M 64.28
AVERAGE 44.5L
T{INIMI,M L6.20

STAI'IDARD
DEVTATION L3.22

ssaaeeeeeeeee
fE , /sec
ft  /  sec
ft / sec

fE /  sec

MJNKIMT'M
AVERAGE

5  . 9 7
1 .  5 8

f r
f r
f rGEOI,IETRIC ME.,AIV O .58

STAI{DARD
DEVIATION L0.42

50

fr,

BOT]NCE
HBIGHT fI

5q0
sc'     
4C OOO-    ^
3C OOO

-  
A A A A

2C OOOO
lq QQQQQQ^0q ooooooo

0

KINETIC ENERGY
eS66eeeeeeeeee

rvIA)(IMUM L482101 ft lbs
AVERAGE 822308 f t, Ibs
STAI{IDARD
DEVTATION 42377 6 f r, lbs

AIIA,LYS IS POIIIr BOT'NCE HEIGHT DISTRIBIITION

BEARWEST. DAT

r.0

FREQUENCY

20 40

AIVALYSIS POIMT VELOEITY DISTRTBIJ:TION

BEARWEST.DAT

30 60



FREQUENCY

BOUNCE
HEIGHT ft

14sq
13 7q
L2e9
12  lq
11  3q
]-Osq

e7Q
8eq
81q
73q
6sq
s7q
4eq
4 lq
33q
2sq
L7q
eq
1q

0

0
u 0 0 O0 w00

40

VELOCITY tt/sec

OU
W(ruO 00

o
0 00

64

2C
1q0

1 6

3 7 4

HORIZONTAL DISTAI{CE fI

BOT}NCE HEIGHT GRAPH

BEARWEST. DAT

VELOCIflT GRAPH
BEARWEST. DAT

749 1-t24 !499

U
t??t
U U
In'
Iru
T'Iru
Tiw
utLI

t a r a

UIru
uitl

tnrLrCTtI
WTTLTTI
IIuUTITI
utttCTrr
wnrCTLr
rrrTeTrTtt
utruedr
u00eruwffer O O

L87 4 2249

VELOCITY telsec



L47q,
13 9q
1-3 1,9
L23q
11sq
107q
eeq
91q
83q
7sq
57q
seq

tru
ttru
f - -Jtru

trucTtl
W00tt
trueffil
truuuft
tutruil
truu0rt

rtwriUrlhru
ffi

374  749  tL24  L499

HORTZONTAL DISTAIICE f T

AVERAGE
\TEI,OEITY

STN{DARD

CELL DATA OUTPUT

BEARWEST. DAT

REI"IARKS: BE'AR CAI{YON WEST, BACK AI{ALYSIS

DATA COLLECTED AT EIUD OF EACH

r87 4 2249

Tt{A)(IMTJM
BOI]NCE

6
133
s3

I

NO ROCKS
6 4
9 7

1 3 4
4 5

NO ROCKS
NO ROCKS
NO ROCKS
NO ROCKS

PASSED POINT
4 4
7 5
6s
3 5

PASSED POIDIT
PASSED POTNT
PASSED POTNT
PASSED POII{T

r-3 . 2l-
10 .50
4 l_ .06

0 .00

ROCKS STOPPED

CELL

AVER.AGE

1
9 7
L4

5

MJU(IMUM
VELOCITYCELL # DEVIATION BOI'NCE
( f E/sec ) vEIocITY IIEIGITT ( f,t ) HEIGIIT ( f I, )es66e6ea6eee6eeeeeee6eee6ee eeeeeeeeeaeeee6eeee66e6e66e6ea6eseeee6eeeeeeee6eeee6

x

0 f r
740 fr ,
810  f r
820 fr
840  f t r
8s0 fE,
850 f t r
880 f r ,

IIilTERVAL

TO
TO
TO
TO
TO
TO
TO
TO

10 f r
750  f r
820  f r
830 f r ,
850 f r ,
e60 f r
870  f r
890  f r



910 f  r ,
92A fr
940 fE
950  f r
970  f r
980  f r

1000 f r ,
1030  f t
1040 f r ,
1-050 f r
1.080 fr ,
1190  f  t ,

TO 920 fr
TO 930 f r
TO 950 fE
TO 970 fr
TO 980 f r
TO 990 f r
TO 10L0 f r
TO L040 f t
TO 1050 f r
TO 1060 f r
TO L090 f r
TO 1200 fE

1
1
3
1
L
L
1-
1
1
1
1
2



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * cRsP3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

COLORADO ROCKFALL S IMT'I.,ATION PROGRAIT,I

MODELS TIIE TRA,JECTORY OF ROCKS
USING SLOPE PROFILE, SIIRFACE ROUGHNESS,

ROCK SIZE, AIID ROCK SHAPE TO PRODUCE
ROCKFALL BEI{AVIOR ON

ON IRREGUI.AR SLOPES
ST'RFACE MATERIAL PROPERTIES
A STATISTICAL A}IALYSIS OF
THE SLOPE

THIS PROGR3I4 HAS BEEN TESTED AIID IS BEI,IBVED TO BE A REINBLE ETiIGINEERING TOOI.,
NO RESPONSIBILITY IS ASSIJMED BY TTIE AUTITOR(S) FOR A![Y ERRORS, MISTAICES, OR

MISREPRESEIMATIONS TIIAT MAY OCEUR FRoI/I ANY USB OF TBIS PROGR.AM

* * * ! t * i * * * * * * t l * ! t * * * i * * t * + * * * * t * * * t * t * * t * * a * * * * f * * * * * * i * * * * r t * * * t * * * t * * * t * i ' i * i ! r ! r

W}IR . DAT

ROCK STA,TISTICS

L8776 lbs SPHERICAI, ROCK 3 fI, RADIUS

NT'MBER OP EELLS 13
NI]MBER OF ROCKS 25
AI{ALYSIS POSITION 8OO f I
INITIAL Y ZONE 8160 fT TO 84OO fT,

INITIAL X VELOCITY
INITI.A.L Y VEIJOCITY

1  f t l sec
-  1  f t l sec

CELL DATA TABLE

!'IHR. DAT

WILD HORSE RIDGE, B.B'REI"ARKS: SOUIH



SI'RFACE TANGENTIAIJ NORM . COEF . BEGINNIIiG EIIDITTC
-qq!+t - - _Rofr_c-HlrEss - coEFFrcrENT RESTTTUTTON X. y x, yt-6eeae65'66eaeeeeeaeeea656666e6a66 e6e6eeea,eeegee666eeeeeaa€6e66aa66 aaaihiaaaaaaa

1 5 .00  .85  .35  0 .0 ,8800 .0  roo .o ,878o .O
2 5 .O0 .8s  .35  1OO.O ,88OO.O :oO.o  ,  a72o .o
3  s .00  .85  .3s  300 .0 ,8?20 .0  loo .o ,8640 .0
4  s .oo  .85  .35  400 .0 ,8640 .0  500 .0 ,8560 .0
s  s .oo  .85  .3s  50o .o ,8s6o .o  5oo .o ,84oO.0
6  1 .00  .8?  .37  600 .0 ,8400 .0  8OO.O,8160 .0
7  S .O0 .85  .35  8OO.O,815O.O 1O5O.O,AOOO.O
8 5 .00  .8?  .35  1O5O.O ,8OOO.0  1350 .0  , zeao .o9  s .00  .82  .33  1350 .0  ,7A4O.O 1600 .0  , zseo .o10  s .00  .82  .33  1600 .0 ,7690 .0  r .8OO.O ,?52O-O11 s .00  .82  ,33  18OO.O,?520 .0  1820 ,0 ' ,744O.O

L2 s .00  .a2  .33  1820 .0 ,7440 .0  2OOO.O,zseo .o
13  5 .00  .a2  .33  2000 .0  ,7350 .0  23oO.O ,7280 .0

AI{ALYSIS POTMT DATA
WHR. DAT

REI{ARKS: SOIIIH WIIID HORSE RIDGE, B-8,

A M L Y S I S P O f M f  . .  o . . . X = 9 0 0 , y =8L60
24TOTAL ROCKS PASSTNG A}IAIYSIS POINT

CT'MUI,ATIVE
PROBABTLTTY

s0 t
7s+
90*
9st
98 t

VELOCITY
ee5,56,5,ee

IqNKIMT'M 89 .92
AVBRAGE 64.28
MINIMTTM 20 .62

STAIIDARD
DEVIATION 19 .43

VELOCITY
fL l  sec

54 .28
77  . 40
89 .  1-9
96 .27

L04 .22

(NORl4Al

ENERGY
f t l b s

1 5 3 8 7 3 7
220 I  965
27 21.  g 51
30297 68
33 7s 352

DISTRIBUTION)

fE / sec
ftr /  sec
ftr /  see

ttr / sec

BOI'NCE HETGHT
eeeeeefleeeeee

Miu(fful,t 13 .52
AVERAGE 4.45

GEOMBTRIC MEAI{ 2.38

STAI{DARD
DEVIATION 5.35

BOI'NCE HEIG}IT
f r

2 .38
6  . 67

L0 .52
L2  . 84
L5  . 44

(tOG DISTRIBIITION)

f r
f r
f r

fr.



FREQUENCY

25

0
U IIIJ IJtItI

0
Iru

2q,
1q00 Utru  U

5 7
urt  00 00

90

VELOCITY fElsec

BOUNCE
HEIGHT f T,

7eq
7sc
7LQ
57q
53q
seq
ssq
s1q
47Q
43q
3eq
3sq
31q
27q
23q
1eq
1s9
11q
7g
3q

0 383

HORIZOMTAL DISTAIICE f t

BOT]NC8 HEIG}IT GRAPH

WHR. DAT

Utru
- - D O

Uu T'T'tru
wuttutrir

7 6 5 115  0

VEI,,OCITY GRAPH
9f,HR.DAT

o
0

II(I
tn'
Iru
Iru
tru
Iru
tru
W
I,II'
Iru
Iru
tru

uwttun0creiuw w utruer
w rruuu0rlriir

1 5 3 3 1 9 1 5 2300

VEI,OCITY tt/sec



e69
e0q
84q
78q
72Q
56q
50q
s4q
489
42q
35q

0f r
910  f r
970 fr,

1010 f r ,

( ruUU
- a -

TJ(ru Tru Iru
utttruirffi000 tru0
ffi rJrTTj
ffi u urrtT

ff iu u0ww 0 uuer
tru0rr urnT0Cr
uuuuuwucrtr

1 9  1 5

u0
tIt'

383 7  5 6  1 1 5 0 1533

HORIZONTAL DISTAIVCE f I

CELL DATA OUTPIIT

WHR. DAT

REI.IARKS: SOUil{ WIIJD HORSE RIDGE, B-B'

AVERAGE
BOTJNCE

2300

IY!A)(IfYfiIM
BOI'NCECEIrL #

(fElSEC) VBIOCITY ITEIGIfT (fE) IIEIGHT (fT)
eeeee6eee6ee6e66e6eeeeeee,eee6eae6e55.6eaeeee6eeeeee66eee66eee666666e6e6e6ee6eee65.

DATA COLLECTED
t

I{N(IMI'M AVERAGB
VEIJOCITY I/EI,oCITY

ROCKS PASSED POINT
ROCKS PASSED POINT
ROCKS P.R,SSED POIIIT
ROCKS PASSED POIMT
ROCKS PASSED POINT

9 0  6 4
7 2  3 9
4 2  2 5
3 7  2 2
4 6  3 7
6 2  s 5
2 8  2 8

ROCKS PASSED POINT

X IIITERVAI,

AT EIID OF EACH CELL

STATiIDARD
DEVIATION

1 9 . 3 8
1s  .02
LL  . 47

0  . 00
0  . 00
0 .00
0 .00

ROCKS STOPPED

1
2
3
4
5
5
7
I
9

1 0
t t
L2
1-3

NO
NO
NO
NO
NO

14
20

6
6
5

74
7

4
5
3
2
3

58
7

NO

1
1
1
1-

TO
TO
TO
TO

L0 f r
920 fr
980  fE

1020 fE,



o
1020  f r
1-0s0 f r
1090  f r
1100  f r
1120  f r
1130 f t ,
11-50 f r
1170  f t
1200  f r
L240 fr
L270 fr,
13  00  f r
1390  f r
1450  f r
L470 ftr
1850  f t
L970 f r
2040  f r

TO 1030  f r
TO 1060  fE
TO 1r.00 fr,
TO 1110  f  r
TO 1130 f t r
TO 1140 fr,
TO 1160 f r
TO LL80 f r
TO 1210 f r
TO 12s0 f r
TO 1-280 fr
TO 1.310 f r
TO 1400 fr
TO 1450 fE
T0 1480 f t r
TO 1850 f r
TO 1980 fE
TO 2050 f r

1
1_
2
1
L
1
3
1
1
1
L
L
1
1
1
1
1
L



' ' ' e i

i []il:ilj

: E
: Q r

-

z

X
tI,

'tirr



CRSP Input File - C:\Program Files\Crsp\A-A'.DAT

O Input File Specifications

I
2
J

4
5
6
7
8
9

Units of Measure: U.S.
Total Number of Cells: 9
Analysis Point X-Coordinate l: 650
Analysis Point X-Coordinate 2: 0
Analysis Point X-Coordinate 3: 0
Initial Y-Top Starting Zone Coordinate: 8560
Initial Y-Base Starting Zone Coordinate: 8400
Remarks:

Cell Data

Cell No. Surface R. Tangent C. Normal C. Begin X Beein Y End X End Y

.85

.87

.85

.87

.82

.82

.82

.82

.82

.35

.37

.35

.35

.33

.33

.33

.33
a a

. J J

0
350
650
700
800
tt20
l2s0
1300
l 700

8800
8560
8400
8240
8160
8000
7920
7840
7600

350
650
700
800
tt20
t250
1300
I 700
2250

8560
8400
8240
8r60
8000
7920
7840
7600
7 440



C :  \Program F i les \Crsp \a-e t  .  DAT

S p h e r i c a l  R o c k :  6 - f t  d i a . ,  1 8 5 6 1 - I b

Sca le :  Each d iv is ion  =  20  fee t

To ta l  Rocks  Ro l l ed : 2 5

AP1

) 7  6 0
3640
t 5 2  0
3 4 0 0
J Z d

J l _

3 0 4 0
7  9 2 0
7 8 0 0
7  5 8 0
7 5 5 0
7 440

o
7

CI 2 g€ I 0 Islarrn 0ol 689 g0 6 0



CRSP Analysis Point Data - C:\Program Files\Crsp\A-A'.DAT

O Analysis Point I

Analysis Point l: X : 650, Y : 8400

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Velocity (-fl/sec) Bounce Height (ft't

Maximum: 64.28 Maximum: 4.63
Average: 45.19 Average: I .84
Minimum: 16.2 G. Mean: .76
Std. Dev.: 13.72 Std. Dev.: 9.73

Kinetic Energy (ft-lb)

Maximum: 1473010
Average: 837192
Std. Dev.: 434819



CRSP Analysis Point Statistical Analysis - C:\Program Files\Crsp\A-A'.DAT

17 Analvsis Point 1
+

Analysis Point 1 : X : 650, Y : 8400

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Cumulative Prqbabilitv Velocity (ff/sec) Energy (ft-lb) Bounce Heisht (ft)

50%
75%
90%
9s%
98%

45.r9
54.45
62.78
67.79
73.4 l73t3tl

837 r92
1t30782
1394848
I  s53383

0.76
7.33
13.24
t6.79

20.78

Note: Velocity and kinetic energy are analyzed assuming a normal distribution.
Bounce height is analyzed assuming a log distribution.



Frequency

Analysis Point I Bounce Height Distribution - C:\Program
Files\Crsp\A-A'.DAT

Bounce Height (ft)



Analysis Point I Velocity Distribution - C:\Program Files\Crsp\A-A'.DAT

Frequency

36 40 44

Velocity (ff/sec)

16 20 24



Maximum
Bounce

Fteight {t i i

Bounce Height Graph - C:\Program Files\Crsp\rA-A'.DAT

Horizontal Distance Along Slope {l i i



Maximum
Velocit-1,'
(ftlsec)

Velocity Graph - C:\Program Files\Crsp\A-A'.DAT

?:5  r r l88  l45 l

l{orizontal Dismnce Along Slope {ft1



CRSP Data Collected at End of Each Cell - C:\Program Files\Crsp\A-A'.DAT

Velocity Units: ff/sec Bounce Height Units: ft

Cell No. Max. Velocitv Avg. Velocity Std. Dev. Velocitv Max. Bounce Ht. Avg. Bounce Ht.

I No rocks past end of cell
262
396
4 135
539
637
768
827

44
79
58
25
26
59
27

t3.69
9.38
41.56
0
0
0
0

6
128
50
2
4
a a
J J

2

I
92
9
I
2
22
2

9 No rocks past end of cell



CRSP Rocks Stopped Data - C:\Program Files\Crsp\A-A'.DAT

X Interval Rocks Stopped

0 To l0 ft
l0To 20 f t
20To 30 f t
30To 40 f t
40To 50 f t
50To 60 f t
60To 70 f t
70To 80 f t
80To 90 f t
90 To 100 ft
100 To 110 f t
l l0To 120f t
120 To 130 ft
130 To 140 ft
140 To 150 ft
150 To 160 ft
160 To 170 ft
170 To 180 ft
180 To 190 ft
190 To 200 ft
200 To 210 ft
210 To 220 ft
220 To 230 ft
230 To 240 ft
240 To 250 ft
250 To 260 ft
260 To 270 ft
270 To 280 ft
280 To 290 ft
290 To 300 ft
300 To 310 ft
310 To 320 ft
320 To 330 ft
330 To 340 ft
340 To 350 ft
350 To 360 ft
360 To 370 ft
370 To 380 ft
380 To 390 ft
390 To 400 ft
400 To 410 ft
410 To 420 ft
420 To 430 ft
430 To 440 ft



X Interval Rocks Stoooed

440 To 450 ft
450 To 460 ft
460 To 470 ft
470 To 480 ft
480 To 490 ft
490 To 500 ft
500 To 510 ft
510 To 520ft
520 To 530 ft
530 To 540 ft
540 To 550 ft
550 To 560 ft
560 To 570 ft
570 To 580 ft
580 To 590 ft
590 To 600 ft
600 To 610 ft
610 To 620 ft
620 To 630 ft
630 To 640 ft
640 To 650 ft
650 To 660 ft
660 To 670 ft
670 To 680 ft
680 To 690 ft
690 To 700 ft
700 To 710 ft
710 To 720 ft
720 To 730 ft
730 To 740 ft
740 To 750 ft
750 To 760 ft
760 To 770 ft
770 To 780 ft
780 To 790 ft
790 To 800 ft
800 To 810 ft
810 To 820 ft
820 To 830 ft
830 To 840 ft
840 To 850 ft
850 To 860 ft
860 To 870 ft
870 To 880 ft
880 To 890 ft



X Interval Rocks Stopped

890 To 900 ft
900 To 910 ft
910 To 920 ft
920 To 930 ft
930 To 940 ft
940 To 950 ft
950 To 960 ft
960 To 970 ft
970 To 980 ft
980 To 990 ft
990 To 1000 ft
1000 To 1010 ft
l0l0 To 1020 ft
1020 To 1030 ft
1030 To 1040 ft
1040 To 1050 ft
1050 To 1060 ft
1060 To 1070 ft
1070 To 1080 ft
1080 To 1090 ft
1090 To I 100 ft
I100  To  l1 l0  f t
I I l0 To ll20 ft
1120 To 1130 f t
I130 To 1140 f t
I140 To 1150 f t
I150 To 1160 f t
l 160To 1170 f t
I170 To 1180 f t
l l 80To  1190 f t
I190 To 1200 ft
1200 To 1210 ft
l2l0 To 1220 ft
1220 To 1230 ft.
1230 To 1240 ft
1240 To 1250 ft
1250 To 1260 ft
1260 To 1270 ft
1270 To 1280 ft
1280 To 1290 ft
1290 To 1300 ft
1300 To l3 l0 f t
l3l0 To 1320 ft
1320 To 1330 ft
1330 To 1340 ft
1340 To 1350 ft
1350 To 1360 ft
1360 To 1370 ft
1370 To 1380 ft



CRSP Input File - C:\Program Files\Crsp\B-B'.dat

O Input File Specifications

Units of Measure: U.S.
Total Number of Cells: 13
Analysis Point X-Coordinate l: 800
Analysis Point X-Coordinate 2:
Analysis Point X-Coordinate 3:
Initial Y-Top Starting Zone Coordinate: 8400
Initial Y-Base Starting Zone Coordinate: 8160
Remarks:

Cell Data

Cell No. Surface R. Tangent C. Normal C. Begin X Begin Y End X End Y

8780
8720
8640
8560
8400
8160
8000
7840
7680
7 s20
7440
7360
7284

I
2
.t

J

4
5
6
7
8
9
I
I
I
I

0
I
2
3

.35

.35

.35

.35

.35

.37

.35

.35

.33

.33

.33

.33

.33

0
100
300
400
500
600
800
1050
I  350
1600
I 800
1 820
2000

8800
8780
8720
8640
8560
8400
8160
8000
7840
7680
7 520
7 440
7360

100
300
400
500
600
800
1050
r 350
r600
I 800
l 820
2000
2300



C :  \ P r o g r a m  F i L e s \ c r s p \ e - e t  . d a t

S p h e r i c a l  R o c k :  6 * f t  d i a . ,  1 8 6 6 1 - l b

Sca l -e :  Each d iv is ion  =  20  f  eeE

Tota l  Rocks RoLl -ed: 2 5

AP]-
:=

8720  -
8 5 0 0 : =- :
8 4 8 0  : : i  1

t ,

usbu  . :  I a
8240  =  p

a
a:=

7 8 8 0  =  2.-:
7 7 6 0  =

t : 5

7640  =  . 7
7 5 2 0  -  g  f u

7 4OO _l n ,1,

7280'=1tt1-t :Xp:p 11..l1*luTl11"ttTi-

a 2 e s sa Bsenn ot x 6 n g g lbl o



CRSP Analysis Point Data - C:\Program Files\Crsp\B-B'.dat

- Analvsis Point I

Analysis Point 1: X : 800, Y = 8160

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Velocity (ff/sec) Bounce Height (ft)

Maximum: 87.59 Maximum: 18.99
Average: 6l .96 Average: 6.35
Minimum: 23.02 G. Mean: 2.79
Std. Dev.: 18.65 Std. Dev.: 8.54

Kinetic Enerey (ft-lb)

Maximum: 2770052
Average: 1512508
Std. Dev.: 760375



CRSP Analysis Point Statistical Analysis - C:\Program Files\Crsp\B-B'.dat

a- Analvsis Point I+

Analysis Point l: X : 800, Y: 8160

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Cumulative Probabilitv Velocity (ff/sec) Energy (ft-lb) Bounce Heieht (ft)

s0%
75%
90%
9s%
98%

6t .96
74.55
85.88
92.68
100.32

I s 12508
2025914
2487690
2764923
3076069

2.79
8.55
13.7 4
16.85
20.35

Note: Velocity and kinetic energy are analyzed assuming a normal distribution.
Bounce height is analyzed assuming a log distribution.



Analysis Point I Bounce Height Distribution - C:\P-rogram Files\CrsplB-B'.dat

Frequency



Frequency

Analysis Point I Velocity Distribution - C:\Program Files\Crsp\El-Bl.dat

47 5l 55 59 61 67 ?l

Velocity (ft/sec)



Bounce Height Craph - C:\Program Files\Crsp\B-B'.dat

Maximum
Bounce

Height (ft)

l{orizontal Distance Along Slope (ft}



Maximum
Velocig
(fVsec)

Ve loc ity Graph - C :\Progarn F i les\Crsp\B -B'.dat

?4t i l  t :  ,1483

Horizontal Distance Along Slope (ft)



CRSP Data Collected at End of Each Cell - C:\Program Files\Crsp\B-B'.dat

Velocity Units: ft/sec Bounce Height Units: ft

Cell No. Max. Velocity Avg. Velocity Std. Dev. Velocity Max. Bounce Ht. Avg. Bounce Ht.

I
2
-t

J

4
5
6
7
8
9
10
l l
t2
l 3

No rocks
No rocks
No rocks
No rocks
No rocks
94
52
l8
2 l
3 l
46

No rocks
No rocks

past end of cell
past end of cell
past end of cell
past end of cell
past end of cell
63
32
t6
2 l
3r
46
past end of cell
past end of cell

20.74
13 .15
0
0
0
0

4
a
J

1
0
l l
74

t4
l8
4
1
l2
74



CRSP Rocks Stopped Data - C:\Program Files\Crsp\B-B'.dat

X Interval Rocks Stopped

0 To 10 ft
10To 20 f t
20To 30 ft
30To 40 f t
40To 50 f t
50To 60 f t
60To 70 f t
70To 80 ft
80To 90 f t
90 To 100 ft
100 To 110 f t
I l0 To 120 ft
120 To 130 ft
130 To 140 ft
140 To 150 ft
150 To 160 ft
160 To 170 ft
170 To 180 ft
180 To 190 ft
190 To 200 ft
200 To 210 ft
210 To 220ft
220 To 230 ft
230 To 240 ft
240 To 250 ft
250 To 260 ft
260 To 270 ft
270 To 280 ft
280 To 290 ft
290 To 300 ft
300 To 310 ft
3 l0To 320f t
320 To 330 ft
330 To 340 ft
340 To 350 ft
350 To 360 ft
360 To 370 ft
370 To 380 ft
380 To 390 ft
390 To 400 ft
400 To 410 ft
410 To 420ft
420 To 430 ft
430 To 440 ft



X Interval Rocks Stoooed

440 To 450 ft
450 To 460 ft
460 To 470 ft
470 To 480 ft
480 To 490 ft
490 To 500 ft
500 To 510 ft
5 l0To 520f t
520 To 530 ft
530 To 540 ft
540 To 550 ft
550 To 560 ft
560 To 570 ft
570 To 580 ft
580 To 590 ft
590 To 600 ft
600 To 610 ft
610 To 620 ft
620 To 630 ft
630 To 640 ft
640 To 650 ft
650 To 660 ft
660 To 670 ft
670 To 680 ft
680 To 690 ft
690 To 700 ft
700 To 710 ft
710 To 720 ft
720 To 730 ft
730 To 740 ft
740To 750f t
750 To 760 ft
760 To 770 ft
770 To 780 ft
780 To 790 ft
790 To 800 ft
800 To 810 ft
810 To 820 ft
820 To 830 ft
830 To 840 ft
840 To 850 ft
850 To 860 ft
860 To 870 ft
870 To 880 ft
880 To 890 ft



X Interval Rocks Stopped

890 To 900 ft
900 To 910 ft
910 To 920 ft
920 To 930 ft
930 To 940 ft
940 To 950 ft
950 To 960 ft
960 To 970 ft
970 To 980 ft
980 To 990 ft
990 To 1000 ft
1000 To 1010 ft
1010 To 1020 ft
1020 To 1030 ft
1030 To 1040 ft
1040 To 1050 ft
1050 To 1060 ft
1060 To 1070 ft
1070 To 1080 ft
1080 To 1090 ft
1090 To I 100 ft
1100  To  I110  f t
I  I  l0  To I120 f t
l  l20 To 1130 f t
1130 To 1140 f t
I140 To 1150 f t
l l 50To  1160 f t
l160To 1170 f t
1170 To 1180 f t
I180 To 1190 f t
I 190 To 1200 ft
1200 To l2l0 f t
121 0 To 1220 ft
1220 To 1230 ft
1230 To 1240 ft
1240 To 1250 ft
1250 To 1260 ft
1260 To 1270 ft
1270To 1280 ft
1280 To 1290 ft
1290 To 1300 ft
1300 To 1310 f t
13 l0 To 1320 ft
1320 To 1330 ft
1330 To 1340 ft
1340 To 1350 ft
1350 To 1360 ft
1360 To 1370 ft
1370 To 1380 ft



CRSP Input File - C:\Program Files\Crsp\C-C'.dat

O Input File Specifications

Units of Measure: U.S.
Total Number of Cells: 9
Analysis Point X-Coordinate l: 200
Analysis Point X-Coordinate 2:
Analysis Point X-Coordinate 3:
Initial Y-Top Starting Zone Coordinate: 8560
Initial Y-Base Staning Zone Coordinate: 8400
Remarks:

Cell Data

Cell No. Surface R. Taneent C. Normal C. Besin X Beein Y End X End Y

I
2
3
4
5
6
7
I
9

.85

.87

.85

.87

.82

.82

.82

.82

.82

.35

.37

.35

.35

.33

.33
a a

. J J

.33

.33

0
100
200
300
500
650
850
I 050
1480

8650
8s60
8400
8320
8160
8080
7920
77 60
7600

100
200
300
s00
6s0
850
1050
1480
1530

8560
8400
8320
8160
8080
7920
77 60
7600
7520



C :  \ P r o g r a m  F i l e s \ C r s p \ C - C r  . d a t

S p h e r i c a l  R o c k :  6 - f t  d i a . ,  1 8 5 5 1 - - l b

Sca l -e :  Each  d i v i s i on  =  20  f  ee t

Tota1 Rocks RoLl-ed: 2 5

AP1
-

00 =:: : i
80 :. :

::
A ^  =  l l_ - - , \

-.  I

;g3s
8 0  =

t-: h

60  _ -  F
._- a

4 0  -  p
.7

t a

2 0

02ec 6 09glelrn oe8 0



CRSP Analysis Point Data - C:\Program Files\Crsp\C-C'.dat

- Analvsis Point I

Analysis Point 1: X : 200, Y : 8400

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Velocity (fVsec) Bounce Height (ft)

Maximum: 79.82 Maximum: 17.42
Average:54.71 Average: 4.69
Minimum: 21.74 G. Mean: 1.89
Std. Dev.: 15.41 Std. Dev.: 7.36

Kinetic Energy (ft-lb)

Maximum: 20ll92l
Average: ll425l8
Std. Dev.: 562001



- Analvsis Point 1

50%
75%
90%
9s%
98%

Note: Velocity and kinetic energy are analyzed assuming a normal distribution.
Bounce height is analyzed assuming a log distribution.

CRSP Analysis Point Statistical Analysis - C:\Program Files\Crsp\C-C'.dat

Analysis Point l: X : 200, Y : 8400

Spherical Rock: 6-ft dia, 18661-lb

Total Rocks Passing Analysis Point: 24

Cumulative Probability Velocitv (ff/sec) Energy (ft-lb) Bounce Height (ft)

54.71
65 .11
74.46
80.08
86.39

1142518
1521981
r863284
2068190
2298r61

1.89
6.86
1 1 .33
14.01
17.03



Analysis Point I Bounce Height Distribution - C:\Program Files\Crsp\C-C'.dat

. '  / 1 .

e -,:lT-- 
-------f i

l t

| ./1---------1/ |
i l

Frequency

l t
t -  

i

I i



Frequency

Analysis Point I Velocity Distribution - C:\Program Files\Crsp\C-C'.dat

_ , i ; i
22 26 30



Maximum
Bounce

Height (ft) 15

Bounce Height Graph - C:\Program Files\Crsp\C-C'.dat

Horizontal Distance Along Slope (ft)



Velocity Graph - C :\Program Files\Crsp\C -C'.dat

r00l---.|-
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Velocity
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I

i
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. l l
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i

I
I
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1246 t49j I t74O

Horizontal Distance Along Slope (ft)



CRSP Data Collected at End of Each Cell - C:\Program Files\Crsp\C-C'.dat

Velocity Units: ff/sec Bounce Height Units: ft

Cell No. Max. Velocity Avg. Velocity Std. Dev. Velocitv Max. Bounce Ht. Avg. Bounce Ht.

I No rocks
280
380
463
550
688
779
8 No rocks
9 No rocks

past end of cell
55
45
43
32
45
39

past end of cell
past end of cell

15 .41
18.4
13.95
12.48
19.81
19.54

L7
16
20
10
l l
8

4
5
5
3
3
3



CRSP Rocks Stopped Data - C:\Program Files\Crsp\C-C'.dat

X Interval Rocks Stonoed

0 To l0 ft
l0To 20f t
20To 30 f t
30To 40 f t
40To 50 f t
50To 60 f t
60To 70 f t
70To 80 f t
80To 90 f t
90 To 100 ft
100 To I l0 ft
l l 0To 120f t
120 To 130 ft
130 To 140 ft
140 To 150 ft
150 To 160 ft
160 To 170 ft
170 To 180 ft
180 To 190 ft
190 To 200 ft
200 To 210 ft
210 To 220 ft
220 To 230 ft
230 To 240 ft
240 To 250 ft
250 To 260 ft
260 To 270 ft
270 Ta 280 ft
280 To 290 ft
290 To 300 ft
300 To 310 ft
310 To 320 ft
320 To 330 ft
330 To 340 ft
340 To 350 ft
350 To 360 ft
360 To 370 ft
370 To 380 ft
380 To 390 ft
390 To 400 ft
400 To 410 ft
410 To 420 ft
420 To 430 ft
430 To 440 ft



X Interval Rocks Stopped

440 To 450 ft
450 To 460 ft
460 To 470 ft
470 To 480 ft
480 To 490 ft
490 To 500 ft
500 To 510 ft
510 To 520 ft
520 To 530 ft
530 To 540 ft
540 To 550 ft
550 To 560 ft
560 To 570 ft
570 To 580 ft
580 To 590 ft
590 To 600 ft
600 To 610 ft
610 To 620 ft
620 To 630 ft
630 To 640 ft
640 To 650 ft
650 To 660 ft
660 To 670 ft
670 To 680 ft
680 To 690 ft
690 To 700 ft
700 To 710 ft
710 To 720 ft
720 To 730 ft
730 To 740 ft
740 To 750 ft
750 To 760 ft
760 To 770 ft
770 To 780 ft
780 To 790 ft
790 To 800 ft
800 To 810 ft
810 To 820 ft
820 To 830 ft
830 To 840 ft
840 To 850 ft
850 To 860 ft
860 To 870 ft
870 To 880 ft
880 To 890 ft



X Interval Rocks Stonoed

890 To 900 ft
900 To 910 ft
910 To 920 ft
920 To 930 ft
930 To 940 ft
940 To 950 ft
950 To 960 ft
960 To 970 ft
970 To 980 ft
980 To 990 ft
990 To 1000 ft
1000 To 1010 ft
1010 To 1020 ft
1020 To 1030 ft
1030 To 1040 ft
1040 To 1050 ft
1050 To 1060 ft
1060 To 1070 ft
1070 To 1080 ft
1080 To 1090 ft
1090 To I 100 ft
I100  To  l1 l0  f t
l l l 0To  1120 f t
1120 To 1130 f t
1130 To I140 f t
l l 40To  1150 f t
l l 50To  1160 f t
I  160 To 1170 ft
l l 70To  1180 f t
l l 80To  1190 f t
1190 To 1200 ft
1200 To l2l0 ft
l2l0 To 1220 ft
1220 To 1230 ft
1230 To 1240 ft
1240 To 1250 ft
1250 To 1260 ft
1260 To 1270 ft
L270To 1280 f t
1280 To 1290 ft
1290 To 1300 ft
1300 To 1310 f t
1310 To 1320ft
1320 To 1330 ft
1330 To 1340 ft
1340 To 1350 ft
1350 To 1360 ft
1360 To 1370 ft
1370 To 1380 ft



CRSP Input File - C:\Pro gram Files\Crsp\D-D'.dat

O Input File Specifications

Units of Measure: U.S.
Total Number of Cells: l2
Analysis Point X-Coordinate l: 500
Analysis Point X-Coordinate 2:
Analysis Point X-Coordinate 3:
Initial Y-Top Starting Zone Coordinate: 8560
Initial Y-Base Starting Zone Coordinate: 8440
Remarks:

Cell Data

Cell No. Surface R. Tangent C. Normal C. Begin X Begin Y End X End Y

8800
8720
8560
8440
8320
8240
8160
8080
8000
7920
7840
77 6A

I
2
a
J

4
5
6
7
8
9
10
11
12

.85

.85

.8s

.87

.85

.87

.87

.82

.82

.82

.82

.82

.35

.35

.35

.37

.35

.35

.35

.33

.33

. J J

.33

.33

0
150
2s0
450
s00
600
700
800
1050
1250
1450
l 600

8880
8800
8720
8s60
8440
8320
8240
8160
8080
8000
7920
7840

150
250
4s0
500
600
700
800
1050
r250
1450
1600
l 850
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O Analysis point 1

Analysis Point I : X : 500, Y : 8440

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Velocity (fVsec) Bounce Height (ft\

Maximum: 72.56 Maximum: 20.98
Average: 48.84 Average: 6.08
Minimum: 15.78 G. Mean: 3.63
Std. Dev.: 15.07 Std. Dev.: 3.07

CRSP Analysis Point Data - C:\Program Files\Crsp\D-D'.dat

Kinetic Energy (ft-lb)

Maximum: 1664681
Average: 904902
Std. Dev.: 479381



CRSP Analysis Point Statistical Analysis - C:\Program Files\Crsp\D-D'.dat

Analysis Point I : X : 500, Y = 8440

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Cumulative Probability Velocitv (ff/sec) Energy (ft-lb\ Bounce Height (ft)

48.84
59.02
68.r7
73.66
79.83

904902
1228580
1519708
r694490
l 8906s3

3.63
5.7
7.56
8.68
9.94

O Analysis Point I

s0%
7s%
90%
95%
98%

Note: Velocity and kinetic energy are analyzed assuming a normal distribution.
Bounce height is analyzed assuming a log distribution.



Analysis Point 1 Bounce Height Distribution - C:Wogram Files\Crsp\D-D'.dat
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Analysis Point I Velocity Distribution - C:\Program Files\Crsp\D-D'.dat

Frequency
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CRSP Data Collected at End of Each Cell - C:\Program Files\Crsp\D-D'.dat

Velocity Units: ff/sec Bounce Height Units: ft

Cell No. Max. VelociW Ave. Velocitv Std. Dev. Velocitv Max. Bounce Ht. Avg. Bounce Ht.

1 No rocks
2 No rocks
3 No rocks
473
591
691
779
8 No rocks
9 No rocks
10 No rocks
1 1 No rocks
12 No rocks

past end of cell
past end of cell
past end of cell
49 15.07
59  16
50 20.4s
46 17.6r
past end of cell
past end of cell
past end of cell
past end of cell
past end of cell

2 l
29
t7
23

6
11
6
7



CRSP Rocks Stopped Data - C:\Program Files\Crsp\D-D'.dat

X Interval Rocks Stopped

0 To l0 ft
l0To 20 f t
20To 30 f t
30To 40f t
40To 50 f t
50To 60 f t
60To 70 f t
70To 80 f t
80To 90 f t
90 To 100 ft
100 To 110 f t
110 To 120 ft
120 To 130 ft
130 To 140 ft
140 To 150 ft
150 To 160 ft
160 To 170 ft
170 To 180 ft
180 To 190 ft
190 To 200 ft
200 To 210 ft
210 To 220 ft
220 To 230 ft
230 To 240 ft
240 To 250 ft
250 To 260 ft
260 To 270 ft
270 To 280 ft
280 To 290 ft
290 To 300 ft
300 To 310 ft
310 To 320 ft
320 To 330 ft
330 To 340 ft
340 To 350 ft
350 To 360 ft
360 To 370 ft
370 To 380 ft
380 To 390 ft
390 To 400 ft
400 To 410 ft
410 To 420 ft
420 To 430 ft
430 To 440 ft



X Interval Rocks Stopped

440 To 450 ft
450 To 460 ft
460 To 470 ft
470 To 480 ft
480 To 490 ft
490 To 500 ft
500 To 510 ft
510 To 520 ft
520 To 530 ft
530 To 540 ft
540 To 550 ft
550 To 560 ft
560 To 570 ft
570 To 580 ft
580 To 590 ft
590 To 600 ft
600 To 610 ft
610 To 620 ft
620 To 630 ft
630 To 640 ft
640 To 650 ft
650 To 660 ft
660 To 670 ft
670 To 680 ft
680 To 690 ft
690 To 700 ft
700 To 710 ft
710 To 720 ft
720 To 730 ft
730 To 740 ft
740 To 750 ft
750 To 760 ft
760 To 770 ft
770 To 780 ft
780 To 790 ft
790 To 800 ft
800 To 810 ft
810 To 820 ft
820 To 830 ft
830 To 840 ft
840 To 850 ft
850 To 860 ft
860 To 870 ft
870 To 880 ft
880 To 890 ft



X Interval Rocks Stopped

890 To 900 ft
900 To 910 ft
910 To 920 ft
920 To 930 ft
930 To 940 ft
940 To 950 ft
950 To 960 ft
960 To 970 ft
970 To 980 ft
980 To 990 ft
990 To 1000 ft
1000 To 1010 ft
1010 To 1020 ft
1020 To 1030 ft
1030 To 1040 ft
1040 To 1050 ft
1050 To 1060 ft
1060 To 1070 ft
1070 To 1080 ft
1080 To 1090 ft
1090 To I 100 ft
1100To 1110 f t
l110To 1120 f t
1120 To 1130 f t
l  l30 To 1140 ft
l 140To 1150 f t
l l 50To  1160 f t
l160To 1170 f t
l l 70To  1180 f t
l180To 1190 f t
1190 To 1200 ft
1200 To l2l0 f t
1210 To 1220 ft
1220 To 1230 ft
1230 To 1240 ft
l24A To 1250 ft
1250 To 1260 ft
1260 To 1270 ft
1270To 1280 ft
1280 To 1290 ft
1290 To 1300 ft
1300 To 1310 f t
l3l0 To 1320 ft
1320 To 1330 ft
1330 To 1340 ft
1340 To 1350 ft
1350 To 1360 ft
1360 To 1370 ft
1370 To 1380 ft



CRSP Input File - C:\Program Files\Crsp\E-E'.dat

v Input File Specifications

Units of Measure: U.S.
Total Number of Cells: 8
Analysis Point X-Coordinate 1: 550
Analysis Point X-Coordinate 2:
Analysis Point X-Coordinate 3:
Initial Y-Top Starting Zone Coordinate: 8560
Initial Y-Base Starting Zone Coordinate: 8320
Remarks:

Cell Data

Cell No. Surface R. Tangent C. Normal C. Begin X Begin Y End X End Y

I
2
a
J

4
5
6
7
8

.85

.85

.85

.87

.85

.82

.82

.82

.35

.35

.35

.37

.35

.33

.33

.33

0
200
400
s00
550
700
800
900

8880
8800
8640
8560
8320
8240
8160
8080

200
400
500
550
700
800
900
I 000

8800
8640
8560
8320
8240
8160
8080
8000
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-
- Analvsis Point 1

Analysis Point 1 : X = 550, Y : 8320

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Velocity (ff/sec) Bounce Height (ft)

Maximum: 112.98 Maximum: 68.68
Average:64.91 Average: 19.43
Minimum: 18.89 G. Mean: I 1.07
Std. Dev.: 2l Std. Dev.: 3.51

CRSP Analysis Point Data - C:\Program Files\Crsp\E-E'.dat

Kinetic Energy (ft-lb)

Maximum: 3834550
Average: 1630396
Std. Dev.: 909983



CRSP Analysis Point Statistical Analysis - C:\Program Files\Crsp\E-E'.dat

Analysis Point I : X = 550, Y = 8320

Spherical Rock: 6-ft dia., 18661-lb

Total Rocks Passing Analysis Point: 24

Cumulative Probabilitv Velocitv (fl/sec) Energy (ft-lb) Bounce Height (ft)

64.91
79.09
91 .84
99.5 3t29230
108.09

1630396
2244817
2797450

3501 595
r6.85

tt.07
13.44
15.57

18.28

It Analvsis Point I

s0%
75%
90%
9s%
98%

Note: Velocity and kinetic energy are analyzed assuming a normal distribution.
Bounce height is analyzed assuming a log distribution.



Analysis Point I Bounce Height Distribution - C:\Program Files\Crsp\E-E'.dat

Frequency

29 33 37 4t 45

Bounce Height (ft)



Analysis Point 1 Velocity Distribution - C:\Program Files\Crsp\E-E'.dat

Frequency

--l
I

59 67 75 83 9l
55 63 71 79 87

Velocity (ff/sec)



Bounce Height Graph - C:\Program Files\Crsp\E-E'.dat
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Velocity Graph - C:\Program Files\Crsp\E-E'.dat
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CRSP Data Collected at End of Each Cell - C:\Program Files\Crsp\E-E'.dat

Velocity Units: fl/sec Bounce Height Units: ft

Cell No. Max. Velocity Avg. Velociqv Std. Dev. Velocitv Max. Bounce Ht. Avg. Bounce Ht.

I
2
3
4
5
6
7
8

No rocks
No rocks
No rocks
l l 3
55
55
72
52

past end of cell
past end of cell
past end of cell
65
28
36
5 l
33

2T
17.13
I  1 .39
14.99
12.88

t9
2
a
J

6
4

69
4
6
l2
5



CRSP Rocks Stopped Data - C:\Program Files\Crsp\E-E'.dat

X Interval Rocks Stopped

0 To l0 ft
l0To 20 f t
20To 30 f t
30To 40 f t
40To 50 f t
50To 60 f t
60To 70 f t
70To 80 f t
80To 90 f t
90 To 100 ft
100 To 110 f t
l l0To 120f t
120 To 130 ft
130 To 140 ft
140 To 150 ft
150 To 160 ft
160 To 170 ft
170 To 180 ft
180 To 190 ft
190 To 200 ft
200 To 210 ft
210 To 220 ft
220 To 230 ft
230 To 240 ft
240 To 250 ft
250 To 260 ft
260 To 270 ft
270 To 280 ft
280 To 290 ft
290 To 300 ft
300 To 310 ft
310 To 320 ft
320 To 330 ft
330 To 340 ft
340 To 350 ft
350 To 360 ft
360 To 370 ft
370 To 380 ft
380 To 390 ft
390 To 400 ft
400 To 410 ft
410 To 420 ft
420 To 430 ft
430 To 440 ft



X Interval Rocks Stopped

440 To 450 ft
450 To 460 ft
460 To 470 ft
470 To 480 ft
480 To 490 ft
490 To 500 ft
500 To 510 ft
510 To 520 ft
520 To 530 ft
530 To 540 ft
540 To 550 ft
550 To 560 ft
560 To 570 ft
570 To 580 ft
580 To 590 ft
590 To 600 ft
600 To 610 ft
610 To 620 ft
620 To 630 ft
630 To 640 ft
640 To 650 ft
650 To 660 ft
660 To 670 ft
670 To 680 ft
680 To 690 ft
690 To 700 ft
700 To 710 ft.
710 To 720 ft
720 To 730 ft
730 To 740 ft
740 To 750 ft
750 To 760 ft
760 To 770 ft
770 To 780 ft
780 To 790 ft
790 To 800 ft
800 To 810 ft
810 To 820 ft
820 To 830 ft
830 To 840 ft
840 To 850 ft
850 To 860 ft
860 To 870 ft
870 To 880 ft
880 To 890 ft



X Interval Rocks Stopped

890 To 900 ft
900 To 910 ft
910 To 920 ft
920 To 930 ft
930 To 940 ft
940 To 950 ft
950 To 960 ft
960 To 970 ft
970 To 980 ft
980 To 990 ft
990 To 1000 ft
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I.O INTRODUCTION

This report was prepared at the request of C.W. Mining Company for an evaluation of
surface subsidence mechanics and determination oftypical deformation expected atthe Bear
Canyon longwall reserve (figure 1) in the C.W. mining operations, located near Huntington,
Utah. The study was initiated in response to a deficiency list prepared by resource specialists
of the Utah Division of Oil, Gas, and Mining.

Specific objectives were as follows:

o Description of subsidence mechanisms and angle of draw;
. Description of pillar designs developed by C.W. Mining for the multiple seam

reserve in the Bear Canyon Study area,
Calculation of subsidence profiles over the longwall blocks in both Tank and
Hiawatha seams using regional subsidence measurement results, and
General recommendations for surface subsidence monitoring.

The study area is located adjacent to the permitted areas in the C.W. Mining existing
room-and-pillar operations located in the Wasatch Plateau Coal Fields of eastern Utah.
Longwall mining has been extensively used in both the Book Cliffs and Wasatch Plateau
coal fields since its introduction at the Sunnyside mines during 1960's; it is generally
considered an environmentally attractive method to mine coal. It minimizes damage to the
surface by permitting gradual subsidence of overburden strata over mined-out areas while at
the same time satisfying BLM requirements of maximizing economic recovery of coal
resources (Maleki and others 2001).

C.W. Mining is planning to mine coal reserves from the study area using the longwall
method mostly in the Tank and Hiawatha seams at a typical depth of 800 to 2,000 ft (two
limited panels are also envisioned in the Blind Canyon Seam). Existing mine plans call for
extraction of the reserve using an extraction height of 5 to 8 ft within longwall panels.
Subsidence calculations (consisting of vertical movements and horizontal strains) were
completed for three longwall blocks, as illustrated in figure l.

Block l, Tank Seam. For five 500- to-640-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 7.6 ft within this longwall
block. We have simulated an average extraction height of 7 ft. This is a
conservative and prudent assumption for this study.

Block 2, Tank Seam. For four 600- to-800-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 8 ft within this longwall
block. We have simulated an average extraction height of 7 ft.

Block 3, Hiawatha Seam. For four 640-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 15 ft within this longwall



block. The extraction height is fixed at 8 ft considering longwall face equipment
specifications.

This report is prepared in five sections. After this introduction, the subsidence
mechanism is presented in section 2.0, followed in section 3.0 by a description ofmining and
geologic conditions and subsidence characteristics, including rock mechanics data,
subsidence parameters, and a discussion ofthe conceptual mine layout designs developed by
C.W. Mining for multiple seam longwall extraction. Predicted deformation patterns are
presented in section 4 using three-dimensional subsidence models. The subsidence
monitoring program is reviewed in section 5.

Maleki Technologies, Inc. Page 3 8t7t2006



9z

N . z
o 1

\

r{

-l

(t

E[i r-T:

a'--" '---

at.,( \

t i
I

\_ :

=
o

" . i

E
. - l

iod
I

I

z
z

c)
o



2.0 SUBSIDENCE MECHANISM

Surface subsidence occurs because of downward rock mass movement caused by the
closure and collapse of mined-out excavations. Surface subsidence processes result in both
vertical and horizontal displacement of rocks. Two major mechanisms of surface subsidence
are associated with mining: formation of sinkholes and creation of troughs.

The type of subsidence mechanism predicted for the study area is the trough-type
subsidence. It is characterized by the formation of a relatively smooth basin and is much less
damaging than sinkhole subsidence. Sinkholes result from sudden or time-dependent
collapse of overburden in localized areas, and these areas can be from several feet to tens of
feet in diameter. Based on long-term measurements over the Hanna Basin, Wyoming
(Karfakis 1987) and the Colorado Front Range (Matheson and Bliss 1986), researchers have
established a relationship between the probabilities of sinkhole subsidence versus overburden
depth. A great majority of sinkholes (98% probability) form where depths are less than 160
ft. At typical cover depths of 400 to 2,000 ft over the mains at the longwall project site, the
probability of sinkhole occurrence is small, assuming stable o'support" pillars.

As longwall operations are initiated in the first panel, roof span increases behind the
longwall face until it caves. The roof span varies in mines, but typically ranges from 30 to
200 ft, depending on the strength of the roof rocks. The remaining overburden rocks will
remain stable, transferring their load to the face and gate pillars. At some critical face
position, the arching and load transfer mechanism collapses, and ground movement expands
toward the surface, causing subsidence.

The caving process is associated with fracturing of near-seam strata and settling of
overlying rocks. Four zones of movement are associated with subsidence (Peng 1992).

I . Cave zone-broken andfragrnented rocks thatfill mined space. The immediate roof
rocks fracture into blocks often controlled by preexisting structure, filling the mined space.
Bulking and rotation of individual roof rocks eventually limits the upward growth of failure.
The thickness ofthis zone is estimatedto be two to eighttimes seam thickness, depending on
the bulking characteristics of the immediate roof rocks.

2. Fracture zone-fractured roclcs thatfail because of shear stresses near the ribs and
delamination toward the center of the panel. This zone is located directly above the cave
zone. The strata within this zone move downward, usually in large blocks, but without major
rotation, to rest on the caved zone below. The permeability of the rocks is increased within
this zone, which is estimated to extend twenty to sixty times seam thickness (Peng 1992)
above the mine roof depending on geologic conditions and the strength of the rocks.

3 . Continuous deformation zone-deformation zone from the top of the fractured zone
to the surface soils. The strata flex downward without significant fracturing, gradually
settling over the fracture zone. In the absence of soils, this zone extends to the surface,

Maleki Technologies, Inc. Page 4 8/712006



forming compression zones at the surface to the center of the panel and tension zones at the
edge of excavations.

4. Soil zone-This zone is an extension of the continuous deformation zone, which,
depending on site-specific conditions, generally consists of soils and weathered rocks.
Because ofthe less-brittle nature of soils, tensile cracks associated with transient subsidence
may not be detected easily in front ofthe face and any existing fractures tend to heal quickly.
Tensile fractures forming at panel boundaries last longer, but eventually get closed due to
caving of fracture walls.

Three subsidence phases are associated with trough subsidence (figure 2).

1. The subcritical phase occurs immediately at the beginning when movement is in a
small area at the center of the basin.

2. The critical phase occurs as the basin area expands when the maximum value of the
downward movement is reached at the center. The critical excavation width is generally
larger than 1.4 to 1.6 times the overburden thickness and is influenced by position and
strength of competent layers within the overburden.

3. The supercriticol phase occurs as the basin develops aflat bottom. In this phase, the
basin area continues to increase with the cave area. but subsidence will remain at the
maximum value attained in the critical phase.

Thus, the surface response of longwall mining activity, shown in Figure 2, begins with
the subcritical phase, then progresses to the critical phase, and finally, to the supercritical
phase. The subsidence process first shows effects on the surface as the upper strata bend,
including tension (expansion), which causes near-surface fractures to open up and new ones
to be created. Figure 2 shows how the middle portion of the excavation expands as
subsidence continues, going through a cycle of, first, tension and then compression, which
closes tension cracks. Final subsidence shows an excavation with the middle portions lower
in elevation, but back to a near-original state. Areas on the edge of the excavation basin are
subjected to tensile strains. Tensile strains are accumulative if the tensile zones overlap
during the extraction of side-by-side panels ("transient" subsidence) or superimposed
multiple-seam designs. By staggering the position of full extraction boundaries in multiple
seams, C.W. Mining has avoided overlapping the tensile zones and thus reduced the potential
for surface cracking at final mining boundaries (o'permanent" subsidence).

Considering panel width to average overburden depth ratio for the C.W. Mining project
area (0.6), these longwall panels are considered to have subcritical widths, and thus the great
majority of subsidence is expected during the mining of the second and the third panels.
The subsidence process is expected to be mature within 2 years after mining.

Subsidence characteristics for any coal field depends on site-specific geologic conditions
and mining practices, including strata competence, geologic structure, topography, extraction
height, extraction speed, and mine designs. For instance, rapid changes in topographic

Maleki Technologies, Inc. Page 5 81712006



conditions are known to influence both naturally occurring and mining-induced rock mass
wasting, including sandstone escarpment failure (Maleki and others 2001 ). The site-specific
subsidence parameters for the Bear Canyon study area are addressed in the following
sections using available monitoring results locally and regionally within Utah coal fields.

Tensile strain
Compressive strain
$ubsidence curve

c) Supercritical excavation

Figure 2.The three phases of subsidence development.

a) Subcritical excavation

b) Critical excavation

Maleki Technologies, Inc. Page 6 8/7t2006



3.0 MINING, GEOLOGIC CONDITIONS AND SUBSIDENCE
CHARACTERISTICS

3.1 Conceptual Mine Layout Designs

The C.W. Mining Company, in cooperation with MTI engineering staff, implemented
geotechnical studies at both Tank and the Blind Canyon seams during the 1990's to study
coal seam behavior and support loading during multiple seam pillar extraction (Maleki and
others 1999). These studies consisted of underground and surface mapping, installation and
monitoring of geotechnical instruments for the evaluation of Mobile Roof Support, and
three-dimensional stress analyses. In addition, durin g2A0l, MTI implemented a preliminary
escarpment stability evaluation to assess potential pillaring impacts on the stability of the
Castlegate Sandstone escarpments at the Wild Horse Ridge reserve. This study utilized a
wealth of data collected over both stable and unstable escarpment areas at the neighboring
East Mountain and Trail Mountain mines (Maleki and others 2000, MTI 2001).

As illustrated figure 1o C.W. Mining has oriented the longwall panels N55o W and is
planning to use three-entry gateroad systems with 30-ft-wide yield pillars (50 ft center-to-
center) and 500- to 80O-ft-wide panels. This conceptual mine plan is suitable for permiuing
purposes and additional stress analyses are planned for finalizing mine designs in multiple-
seam bump-prone conditions.

At sufficient deviation of 30o from majorjoint sets (Nl5'E andNS5o E, MTI 2001),
the existing mine orientation is beneficial for stability of development workings because it
avoids alignment ofjoints and mine openings.

From environmental point-of-view, MTI considers this orientation effective in
reducing the potential for subsidence-related cracking at the surface. Because at panel
boundaries, the subsidence cracks generally form near parallel to longwall face and length
(Maleki and others 2006), by misaligning the joints and panel orientation, C.W. Mining
increases its chances of limiting the number and length of mining-induced surface fracturing
at final mining boundaries.

To control gate pillar bumps, C.W. Mining staff has selected yield pillars to reduce
strain energy accumulation within the gate pillars. Pillar size was selected on the basis of
successful experience in the neighboring longwall operations in the EastMountain and Trail
Mountain.

Based on a comprehensive case study by the USBM in 1980's (Fejes 1985, Dyni
1991, Section 4.2), MTI makes the assertion that the naffow 30-ft-wide yield pillars
commonly used in the two-entry Utah reserves crush completely with no influence (or
subsidence humps) above the gateroads. Thus the existing layout is also beneficial for
reducing surface impacts, although we prefer a two-entry system for coal bump control based
on site-specific geotechnical monitoring in the Dugout Canyon Mine (Maleki and others
2003).

3.2 Geology, Rock Strength and Stress Field

Maleki Technologies, Inc. Page 7 8/7/2006



The three coal seams of economic interest belong to the Blackhawk Formation which is
overlain by the Castlegate Sandstone and underlain by the Star Point Sandstone and the
Mancos shale (figure 3). Minable longwall reserves are mostly contained in the Tank and
Hiawatha seams with limited reserves also in the Blind Canyon Seam. Tank and Hiawatha
seams average 7, and 8 ft in the study area; the Blind Canyon is 7 ft thick. The interburden
between the Tank and Hiawatha seams is approximately 300-ft.

The overlying cliff forming Castlegate sandstone is a massive cross-bedded unit. It
contains occasional thin, interbeds of shale, pebble conglomerate and mudstone. This unit is
170 to 250 ftthick in the area using the corehole data,however, the actual exposed thickness
is locally much lower (as low as 50 ft). The Price River Formation consists of numerous
beds of cross-bedded sandstones with occasional interbeds of shale, pebble conglomerate,
and mudstone.

The Blackhawk Formation is composed of interbedded deltaic mudstone and siltstone
and is less resistant to weathering than the neighboring units. It is characterized by
alternating slope and cliff forming units. This unit is approximately 750 ft in thickness.

The Star Point Sandstone consists of thick cliff-forming sandstone units separated by
shales. It is light colored and is approximately 350 ft in thickness in the study area. The
Mancos shale is a blue-grey color marine shale, approximately 1000 ft thick, and is soft and
well weathered.

Jointing patterns were mapped at the Castlegate Sandstone horizon and found similar
across the study area (MTI 2001). The joint trends are thought to be generally coincident
with jointing found in the overlying Price River and underlying Blackhawk Formations and
are consistent with the measurements on the Wasatch Plateau (Maleki 1988, Maleki and
others 1999). Joints were typically within a few degrees from vertical.

The most pronounced (primary) joint trend typically ranges between N l0' E to N20" E
(NI5" E average).A less pronounced and secondary joint system trending S80'E to S90" E
was also observed. This trend appeared to be generally consistent across the study area.

A third joint set was observed infrequently with aN50'E to N55'E trend. This set was
only observed in the east near the Fish Creek Canyon. Spacing on this set is estimated to be
greater than l0 feet due to its lack of occurrence or expression.

Apparent joint spacing appears to be controlled by confining stress. In outcrop the
primary and secondary joints are more apparent and appear closer spaced at or near the
points than in head of drainages. Rocks in place often exhibitjointing at l0 - l5 feet spacing,
but more broken rocks nearly always showed closer spaced joints.

Faulting is not expected within the longwall reserves (Reynolds 2006).
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Site-specific geologic and rock mechanics data are limited, although MTI has collected
large amounts of information from adjacent properties. Figure 4 summarizethe mechanical
properties of coal measure strata at the neighboring East Mountain, compiled by MTI.
Clearly, most overburden rocks are strong and stifl capable of accumulating large strain
energies, which contributes to seismicity.

The researchers from the former USBM and private industry have made a number of
stress measurements in mines of Wasatch Plateau, Utah. There are two stress measurements
within the close proximity of C.W. Mining operations (figure 5). These measurements
confirm that the far-field stress field is unremarkable. The horizontal stress is moderate and
is less than 50 percent of the vertical stress magnitude. We anticipate similar stress field at
the C.W. Mining operations based on observations of lack of stress-induced stability
problems (such as cutters) and an analyses of measurements in the existing reserve (Maleki
and others 2000).

3.3 Subsidence Parameters

Subsidence engineering parameters include subsidence factor, angle of draw, angle of
critical deformation, and horizontal strain. The subsidence factor is the ratio of maximum
measured subsidence to extraction height. Because this ratio depends on excavation width
and overburden thickness, it should be measured in supercritical excavations where caving
has reached the surface on collapse of the pressure arch.

The angle of draw defines the limit of surface movements beyond the edge of an
excavation. It is measured from a vertical line drawn atthe panel edge and a line connecting
the panel edge to the point of "no" movement on the surface. In practice, the accuracy of
surveying equipment defines the point of no movement. This accuracy is usually about 0.1 ft
but varies depending on topographic conditions, measurement technique, etc. Angle of
critical deformation is similar to the angle of draw, but is measured to a point of critical
deformation with respect to existing structures; it is preferred by many practitioners because
it avoids the shortfalls connected with the accuracy of surveying equipment. Based on
subsidence data from 40 longwall panels, Peng (1992) found that it is l0o less than the angle
of draw.

Horizontal strain is the change in horizontal length ofthe ground divided by the original
length of the ground. Positive strain is used here to show tensile strain indicating an increase
in the horizontal length of the ground. Compressive strain (negative notation) occurs when
the ground is shortened or compressed. Maximum tensile strain is found in supercritical
excavation and maximum compressive strain occurs in subcritical excavations. Horizontal
strain increases with an increase in extraction height and decreases at greater depths. Surface
topography also influences horizontal strain.

The best estimates for the extend and magnitude of subsidence for the C.W. Mining two-
seam mining conditions can be obtained by reviewing the results of long-term monitoring in
Utah. The USBM implemented a comprehensive subsidence study over the Energy West
two-seam longwall reserve from l978to 1989. The study monitored surface movements over
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four Blind Canyon and six Hiawatha panels. The study addressed angle of draw, subsidence
factors for single and multiple-seam mining, and critical width. Similar to the Bear Canyon
reserve, the mining area was bounded by faults. Maximum subsidence was 68% to 72o/o of
the extraction height for single and two-seam mining conditions, respectively. This is in
general agreement with other measurements in Utah showing a subsidence factor of 70 %o.
The angle of draw ranged between 25o to 30o for single- andtwo-seam mining conditions,
respectively. This reported maximum angle of draw is higher than average values for the
East Mountain (22.5" to 25", Fejes 1985) but is significantly lower than that reported by the
British National Coal Board (NCB 1975).

3.4 Gate Pillar Behavior

Because gate pillar designs may influence surface subsidence, some recent investigations
have focused on evaluating subsidence above gate pillars. The Western U.S. measurements
show different overburden deformation characteristics influenced by the choice of pillar
designs. Based on a comprehensive case study by the USBM in 1980's (Fejes 1985, Dyni
1991, Section 4.2), MTI makes the assertion that the naffow 3O-ft-wide yield pillars
commonly used in the two-entry Utah reserves crush completely with no influence (or
subsidence humps) above the gateroads.

We expect the three-entry yield pillar system at the Bear Canyon Mine to behave similarly in
the long-term with no subsidence humps. The exact timing of pillar crushing is uncertain at
this time requiring additional stress analyses. However, based on geotechnical
measurements in Utah coal fields (Maleki and others 2003), pillar yielding to residual
strength can occur quietly rapidly behind the face in moderately deep mines. We expect
pillar crushing to be complete after extraction of panels on both sides because of significant
convergence at the seam horizon. Site-specific calculations to address ground control issues
in the three-entry system are forthcoming and will form the basis for petition to switch to a
two-entry system.
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Figure 3. Generalized stratigraphic column.
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Figure 5. Regional horizontal stress measurements (ellipsoids) and the orientation of
cleats in Utah coal fields.
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4.0 PREDICTED GROUND MOVEMENTS

4.l Methodology

Surface subsidence is the readily observable manifestation on the ground surface of the
displacement field surrounding the underground portion ofthe mine. Predicting subsidence
magnitude, therefore, constitutes a particular solution of the overall problem of finding the
induced displacement field. To study subsidence phenomena and estimate the magnitude of
subsidence, a number of empirical, physical, and numerical methods have been used.

Empirical methods, including profile functions, influence functions, and graphical
methods were proposed by the British National Coal Board. These methods involve the
analysis of existing subsidence from an area to predict future subsidence effects. These
methods are based on the mathematical fit of a considerable number of measured subsidence
profiles. They apply to geologic conditions in the area where they were developed and
require adjustments if they are applied to different strata conditions.

To estimate surface deformation above the proposed longwall panels, we used a three-
dimensional influence function method while accounting for site-specific conditions using
the subsidence monitoringdatafrom both the neighboring Deer Creek Mine. These methods
have become very popular for the prediction of subsidence and surface strains within the last
two decades (uSBM, 1983; Peng and others 1994; SDPS 2000). They are superior to
graphical methods because they can be used to model an entire longwall block while
allowing an examination of the sensitivity of results to variations in seam thickness, pillar
designs, panel dimensions, and overburden thickness.

These methods rely on the influence of an extracted volume on the displacement
components of a remote point on the surface. In the zone calculation method, for example,
the circular zone of influence around a point on the ground surface is divided into a number
of zones in such a mannerthat the influence factor of such an area is fixed at a certain value.
If the full area ofthe influence were mined out, the point in question would undergo 100% of
maximum possible subsidence. If some portion within the zone of influence were unmined,
subsidence would be correspondingly reduced.

Subsidence calculations (consisting of vertical movements, change in surface slopes and
strains) were completed for three longwall blocks.

. Block 1, Tank Seam. For five 500- to-640-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 7.6 ft within this longwall
block. We have simulated an average extraction height of 7 ft. This is a
conservative and prudent assumption for this study.

. Block 2,Tank Seam. For four 600- to-800-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 8 ft within this longwall
block. We have simulated an average extraction height of 7 ft.
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. Block 3, Hiawatha Seam. For four 640-ft wide longwall panels retreated from
northwest to southeast. Seam thickness varies from 5 to 15 ft within this longwall
block. The extraction height is fixed at 8 ft considering longwall face equipment
specifications (Reynolds 2006).

4.2 Model Calibration

Subsidence predictions were made using a numerical model calibrated with baseline
subsidence data from the East Mountain. The long-term surface response to longwall mining
in 5E, 6E,78 and 8E panels was monitored by researchers from the U.S. Bureau of Mines in
two phases (figure 6). These panels were mined from May lg74through January 1983, and
subsidence was monitored along five monument lines from September 1979 to June 1983
during phase 1 investigations. Phase 2 results reported by Dyni (1991) include surface
response to mining the Hiawatha Seam some 60-ft below extracted 5E through 8E panels in
the Blind Canyon Seam.

USBM study reports an average angle of draw of 25 degrees ranging from 16 to 33
degrees, and a final subsidence factor of 67 percent for single-seam mining. Surface effects
were described as follows (Fejes 1985):

"There were no visual surface fficts within the subsidence area. The local vegetation
were not altered, and no surface fissures were detected......"

The results of phase I monitoring were used to establish modeling parameters. Figures 7
and 8 present a comparison of measured and calculated subsidence along a north-south
monument line during the extraction of each four longwall panels and show good agreement.
The subsidence factor increased from .35 during the extraction of 6E to 0.67 after the
extraction of 8E. Note that yielding gate pillars used in this longwall block, crushed
uniformly, showed no humps in the subsidence trough.

The calibrated version of the model was used to make quantitative predictions of the
subsidence expected over the Bear Canyon Mine. The similarities in geology and geometry
(depth of covero face width, yielding gate pillars, and mining height) between the monitored
area over East Mountain and the neighboring project area justiff the use of the back-
analyzed parameters for the predictive model.

Some uncertiainty exists forpredictions made with the model due to variations in geology
and mining geometry, including actual mining heights. Precise estimates of subsidence can
only be achieved as site-specific data become available, and mine plans are finalized.

4.3 Results

Figure 9 presents expected subsidence pattern after the extraction of each longwall block and
figure l0 the combined two-seam subsidence resulting from extraction of blocks 1,2, and 3
after the completion of mining in the Tank and Hiawatha seams.
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Figures I I and l2 present both subsidence and surface strain profiles along section A passing
through the two-seam longwall extraction zone. Additional results are surnmarized in table I
including changes in surface slopes.

Predicted subsidence varies from approximately4.9 to 10.4 ft for single and two-seam
extraction. Using a criterion suggested by Singh and Bhattacharya(1984), tensile strains do
not reach levels that could cause localized surface fracturing except at shallow areas (<650-ft
cover). This assertion is in agreement with USBM measurements and observations on the
East Mountain. The potential for surface fracturing is not higher at the permanent two-seam
boundaries because longwall layouts in the Tank and Hiawatha seams are staggered. By not
columnizing the longwall extraction areas in multiple seams and by not aligning panel
orientation with primary joints, C.W. Mining has reduced the potential for surface fracturing.

Expected sutface movement beyond underground mining boundaries varies from 460
ft in block I to 750 ft to the northeast where two-seam mining is planned in blocks 2 and3.
Changes in surface slopes are small (approximately one percent).

Table 1. Predicted subsidence parameters for sinqle and two-seam extraction desion options.
Block Average

mining
heioht. ft

cover, ft Maximum
subsidence, ft

Maximum
tensile strain,

fUft

Maximum slope,
percent

1 Tank 7 1.000 4.9 3.2e-3 .7
2 Tank 7 1.000 4.9 3.2e-3 . 7
Al lcombined I 1.300 10.4 3.2e-3 1
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Figure 6. Subsidence monument locations above the USBM study site, East Mountain.
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5.0 MONITORING PROGRAM

A subsidence-monitoring program should be implemented to verify the subsidence
predicted in this study and to record any mining-induced damage to surface resources.

Subsidence monuments should be monitored by surveying a monument line across
the first longwall block. For verification purposes, it would be desirable to locate the
monument line near the center of this block. The monument spacing of 50-ft is
recommended over the first longwall panel for detailed comparison to the predictions. The
monument spacing may be increased to 250-ft over panels 2 through 5.

From such monitoring, site-specific angle of draw, subsidence factor, and tensile
strains can be calculated resulting in predictive subsidence techniques for the Bear Canyon
study area. However, the arrangement and location of the monument line or method of
survey can vary according to site-specific conditions influenced by topography, roads, etc.

Measurements should include a precision level survey to measure vertical settlement and
possibly a steel tape extensometer to measure horizontal strain. GPS methods have recently
become available and used in many western U.S. operations successfully. Altematively,
aerial photographic methods used extensively at the neighboring Trail Mountain and East
Mountain, may be used.

C.W. Mining has not observed surface cracking above the existing Wild Horse Ridge
panels and thus does not foresee the need for detailed monitoring. USBM researchers report
very few mining-induced cracks over the East Mountain (Dyni I 991 ; Fejes I 986). MTI has
designed andanalyzed surface monitoring progftrms over Colorado mines Maleki and others
2006). In some shallow mines, geologic staff conducts an annual crack survey over active
longwall panel areas. A visual inspection is deemed sufficient over the deeper mines. The
survey data include crack location, orientation, horizontal length, and width. Based on these
measurements, MTI recommends a limited monitoring program so that the presence of
surface cracks (ifany) can be verified.
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Appendix 5-D

Toxic Materials & Handling

5D-lB.C.



TOXIC MATERIALS AI{D HAIIDLING

Material that is contaminated with oil or grease or any other potentially acid or toxic

matter, as determined by testing, will be placed against the highwall and covered with a

min of 4 ft of non-acid and non-toxic forming fill material and reclaimed. Interim

isolation of such material will be by use of berms created by a backhoe or loader.

Acid and toxic forming coal mine waste and material contaminated with coal, will

be placed against the highwall and buried beneath a min of 4 ft of non-acid and non-toxic

forming fill material during reclamation. See R645-301-540.

POTENTIAL HAZARDOUS WASTES

The following list includes the products which are used or may be used within the mine

permit area, that are capable of producing hazardous wastes;

B.C.

Diesel Fuel

Carburetor
Cleaners

Lead Acid
Batteries

Paints

Hydraulic Oil

Gasoline

Engine
Degreaser

Blasting
Products

Thinners

Coal Oil

Windshield
Washer Fluid

Solvents (Flash-
point < 140"F)

Dicers
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These products will be consumed in use or recycled to the extent possible to avoid

costly disposal and company liability. Any of these or other materials that become

potentially hazardous and their containers will be disposed of in the proper manner, at an

approved disposal site.
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so lu t lon .  The  EP Tux ic  t r l ua i i i i i l i i i  con ta ; r inan t  Ieve ls  a rp  a lsn  f r resen ted .

I

o

Ghulrr $.mtrt



r}

Parameter

Arseni  c

Se len i  um

l4ercury

S i l ve r

Ba ri  um

Chromi um
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Appendix 5-E

Surface Blasting Plan



GENERAL

This blasting plan is designed to meet the requirements of R645-301 -524. Occasionally

during surface site preparation, surface blasting may be required to break rocks too large

to move with equipment. The following sections describe the procedures and limitations,

which will be adhered to in these blasts.

Blaster Certification

Co-Op Mining company currently employs a certified blaster who has been trained and

certified by the Utah Division of Oil, Gas & Mining in accordance with R645-105. A

copy of the blaster certificate is maintained on file at the minesite.

The certified blaster will be present during all surface-blasting activities, and will

ensure that all state and federal regulations are adhered to during blasting. The blaster

and at least one other person will be present at the firing of a blast.

B.C. 5E-2 8/0U02



Blast Design

The following blast design pertains to blasting within 1,000 feet of any building used as a

dwelling, public building, school, church, or community or institutional building outside the

permit area, or within 500 feet of an active or abandoned underground mine. Approval will be

obtained from MSHA prior to conducting blasting within 500 feet of an active underground

mine. There are no underground mines within 500 feet of the Wild horse Ridge potential

blasting areas. This design describes the use of blasting to break large rocks encountered during

construction. This design will be used in the construction of the Wild Horse Ridge conveyor

access roads in the event rocks are encountered which are too large for the equipment to move,

or cutting into bedrock is required. A hunting cabin exists within the permit area approximately

750 feet from the nearest potential blasting zone for the Wild Horse Ridge areas. This building

is not used as a dwelling, public building, school, church, or oommunity or institutional building.

No other buildings exist outside the permit area within 1,000 feet of the proposed Wild Horse

Ridge roads and facilities.

Two types of blasting are anticipated during normal operation and construction, special

one time blasting designs will be included as attachments. The first is a situation where large

rocks will require breaking up to move. The second type is bench blasting in areas where

bedrock is encountered which must be cut into. In both cases, holes to be used will be I %"

diameter, 4' deep and will be spaced 4' apart. Figure 5E-l shows the typical pattern and the

layout for the bench holes. To break up rocks, holes will be drilled into the rock at an adequate

depth to fracture the rock, not to exceed 4'. Holes will be spaced approximately 4' apart.
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The explosive to be used is Irecoal D 378 permissible explosive, an explosive which uses

a non-nitroglycerin base gel dynamite. This explosive is specifically designed for use in

drillhole pattems, especially when shooting off solid. Ireco electric 25 ms delay detonators will

be used to delay the holes in a pattern which will contain the shot within the cut area ueated by

the previous shot. 1.3 pounds of explosive per each hole will be used, providing a powder factor

of 1.2. The following standards will be maintained for all blasts.

Airblast Limits and Ground Vibration (R645-301-524.600). Airblast and ground vibration limits

at the location of any building structure outside the permit area will not exceed those outlined in

R645-301-524.62I and R645-301-524.642. In an effort to minimize airblast and fly rock, a

satchel-type explosive and mud-packing will not be used.

Pre-Blast Survev

Since each blast will not exceed 5 pounds of explosive weight, the requirements of a pre-blast

survey are not applicable to the blasting plan. During the construction of the #4 Mine portals

blasting will exceed 5 pounds, this is described in attachment A.
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Blasting Schedule

Since each blast will not exceed 5 pounds of explosive weight, a blasting schedule

and public notification will not be required.

Warning Signs, Signals and Access Control

During periods of construction involving blasting, warning signs will be posted as

described in R645-30 | -524.

Warning and all clear signals of different patterns, audible within a range of one-

half mile from the point of the blast, will be given to inform anyone in the area of the

status of blasting activities. The signals and their patterns and meanings will be

described in the "Warning" sign at the entrance to the property. Each person within the

permit area, or anyone who resides or regularly works within one-half mile of the permit

area will be notified of the meaning of the signals.

Access to the area will be controlled to prevent livestock or unauthorized persons

from entering the area by individuals monitoring the perimeter of the blasting area until

the all-clear signal is given.
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Blasting Record

A blasting record will be maintained onsite of each blast performed, and will be made

available to the Division and the public upon request. The record will include the

following:

Name of the operator conducting the blast

Location, date and time of the blast

Name, signatue and certification number of the blaster

Identification, direction and distance from the nearest blast hole to the

nearpst building outside the permit area

Weather conditions

A record of the blast, as required in R645-30L-524.740.

Blaster Certification

I hereby certiff that this blasting plan as been prepared under my supenrision in

accordance with R645-30 | -524.

Signature of Certified Blaster

B.C. 5E-6 8t0u02



Figure 5E- 1
Drillhole Pattern
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ATTACHMENT A
#4 MINE ROCK TUNNELS
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This attachment has been includcd to address the blasting that will occur during the development
of the WHR #14 mine portals. All blasting pfocedures outlined in Apendix 3M will be followed
except for ttre changes that have been outlined below.

Blast Deslgn

Holes will be drilled 10 feet deep . Figures 1,2, and 3 show the tlpical patterns and the
layout for the holes. Eight 0.781b I ll4" diameter by 12" long sticks will be placed in each hole.
The explosive to be uscd is hocogel B pennissible explosive, an explosive which uses a non-
nitroglycerin base gcl dynamite. Coaldet, Millidet or equivalent electric millisecond delay
detonators will be used to dclay the holes in the patterns shown. A scorpion HCCR (MSHA
LcBU-t) shot firing unit will be used to initiate the detonators.

Pre-Blast Survey

Only two dwellings are located within one-half mile of the blast area. One is the Hunting Cabin
owned by Sportsmans and a residential home owned by Kcnny Defa the mine superintendent.
Both owners have been notified in writing of the btast. A pre-blast survey of boih buildings has
been conducted and his held on file at the mine site.

Blesting Schedule

Blasting will be conducted between stuuise and sunset. Blasting will generally take place
Monday thnr Friday, but may include Saturday and Sunday if nceded. A detailed time table will
be given to local govemments, and residonts wittrin one-half mile, and will also be publishcd in
the local newspapor at leagt ten days before blasting begins. If the schedule changes, local
governments, reside'lr$, and the locd paper will be notified. The blasting scheduie will contain
all information required undcr R645-3 0 I -524.460.

I hereby ccrtiry that ttris blasting plan as been pre,pared under my supervision in
accordance with R645-30 l -524.
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Appendix 5-F

Mine Roads



GENERAL COMMENTS

Construction

All roads shall be constructed and maintained in such a manner that the approved

design standards are met throughout the life of the entire transportation facility. This

shall include maintenance of the surface, shoulders, parking, side areas, and erosion

control structures for safe and efficient utilization of the road. Road are shown on Plates

5-2. Cross sections and profiles are found on Plates 5-4.

The horizontal alignment of each road is consistent with the existing topography

and with the volumeo speed, and weight of anticipated traffrc. The highly traveled

Primary Haul Road and Portal Access Road are surfaced with 4 in. min of durable road

base material. The high percentage of coarse granular material in the native soil provides

for adequate surfacing of the remaining roads. Additional road base may be added to all

roads as required. Damage to the roads from use or weather events shall be promptly

repaired.

Ditches and culverts have been designed and installed to control and safely pass

or contain run-off from a 10-yr, 24-hr precipitation event. Ditches are rip-rapped as

required. Culverts are fitted with trash racks to prevent plugging and buried adequately

to prevent crushing. Rock or concrete headwalls are provided at inlets to all culverts, and
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rip-rap or other erosion protection is provided at the outlet. Design and description of

drainage structures can be found in Chapter 7. Ditches and culvert locations are shown

on Plates 7-L

Environmental Protection

All roads shall be constructed and maintained in such a manner to prevent damage

to fish, wildlife, and related environmental values. This is accomplished by;

a. Maintaining hydrologic controls, such as ditches, culvertso diversions and

sedimentation ponds to assure that disturbed drainage is conveyed away from

undisturbed drainage and either held or cleaned before releases.

b. Watering of roads as necessary to reduce fugitive dust.

c. Protection of wildlife within the permit area and reporting of sightings of

threatened and endangered species.

d. Contemporaneous reclamation.

e. Advocating good-housekeeping practices to reduce the possibility of

contamination of surface waters in the area.

f. Co-Op is committed that all support facilities will be restored to prevent damage

to fish, wildlife, and related environmental values and the possibility of additional

contributions of suspended solids to stream flow or runoff outside the permit area will

be minimal.
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Reclamation

All roads shall be removed upon completion of the mining operation except those

approved as part of the post-mining land use. The timing and procedure of removal and

reclamation is discussed in detail underthe Backfilling and Grading Plan in R645-301-

553 See R645-301 -540, and Chapters 7,2 and 3 for full reclamation procedures.

During reclamation road surfacing material will be removed and salvaged or

buried as fill material in the reclamation of highwalls, see Appendix 5-1. Reclamation

will then be accomplished by ripping up the remaining base, and ensuring that suitable

plant growth material is in place prior to planting the area with the approved seed mix.

During this time, all culverts shall be removed and either salvaged or disposed of in an

approved landfill, and the natural drainage patterns shall be restored.

PRIMARY ROADS

There are 1l Primary roads within the Permit Area. Each road is described

below. Construction of the Tank Seam Access road is described in Appendix 5-G.

Construction of the Wild Horse Ridge Access road and Conveyor Access roads are

described in Appendix 5-J. Construction of the No. 4 Mine Access Road is described in

Appendix 5-K.
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Primary Haul Road

The Bear Canyon Haul Road is approx 3690 ft long from the gate to the base of

the Portal Access Road and Tipple Access Road. See Plates 5-2 and 5-4. As shown on

Plates 5-2, this portion of the road is included in the Permit Area. This Primary road is

constructed approximately 30 ft wide and is surface with 4 in. minimum of road base

material. Approximately 160 ft of the road adjacentto the scalehouse is to be surfaced

with 6 in. of pavement. Installation of the black top will involve hauling in a hot mix

from a local asphalt plant and laying it on the road. The road is crowned in the middle as

shown on the cross section. Plate 5-4.

Reclamation of this portion of the Bear Canyon Road will occur at approx the

same time as the final removal of the sedimentation ponds and diversions on the mine

site. Removal of the asphalt on this road will consist of hauling the material to a landfill

approved for solid waste disposal and/or recycling of the material in cooperation with a

local asphalt plant. The road will be narrowed, but will remain in place for the post-

mining land use.
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Primary Access Roads

The Portal Access Road is approx 3,170 ft long. The road was originally

constructed for access to the old Bear Canyon Mine, and has since been widened and

fitted with proper drainage controls to protect the environment. The road is designed,

used and maintained to meet the DOGM requirements, and to control or minimize

erosion and siltation, air and water pollution, and damage to public or private property.

The road is located along the canyon floor above the stream, and along the stable

slope leading to the portals. The overall grade of the road does not exceed l:V:10h (10

pct) and the max grade does not exceed l:V:6.5h (15 pct).

As mentioned earlier, the initial road was constructed under pre-law conditions,

using the cut and fill side-cast method. A stability analyses was performed on the road

by Dames & Moore in 1981 (Appendix 5-H). Their conclusion was that the Bear Canyon

Portal Access Road has a stability factor of safety of a minimum of 1.43, and ranges

upward to2.I5.

Shower House Road

This road is 200 ft long and is to be constructed in 1993 to provide access to the

shower house area. The road varies from a 0%o to ll%o grade, with an average grade of

7%. The embankment of the road where it crosses Bear Creek will be constructed at a

maximum slope of lV:1.5H, or 670/o. The properties of the material to be used are
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similar to the material of existing embankments. Appendix 5-ll contains a slope stability

analysis of similar material on nearby embankments. This analysis shows a minimum

slope stability safety factor of 1.68, assuming saturated conditions, which exceeds the

minimum required safety factor of 1.3 (pg 5-H-18 thru 5-H-20).

Road to Sediment Pond A

This road is 340 ft long and was constructed to allow access to the Sediment Pond

and to facilitate cleaning of the drainage to the pond. The road is in actuality the

disturbed drainage ditch, D-6D, to Sediment Pond A, and is used infrequently to clean

sediment from the pond. The road has an overall slope of approx 3.5 pct and does not

exceed l0pct atany point.

Tipple Access Road

This road is 600 ft long, and was constructed to provide access to the Coal

Preparation Facility. The road has an overall slope ofapprox 12 pct, and does not exceed

25 pct at any point.

Shop Road

This road is 160 ft long, and provides access to the Shop Pad. The road has an

overall slope of approximately 1 pct, and does not exceed 5 pct at any point.
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Tank Seam Access Road

This road is approximately 3,150 ft long, and provides access to the Bear Canyon

#2 Mine,located in the Tank Seam. The road has an overall slope of approximately 9

percent, and does not exceed 17 percent at any point. Construction of this road is

discussed in Appendix 5-G.

The Tank Seam Access Road will be maintained in accordance with the

requirements of this Appendix. During snow storms, snow will be plowed to and stored

against the cut slope of the road along the ditches, in order to prevent saturation of the fill

outslopes along the road due to snow melt

Wild Horse Ridge Access Road

This road is approximately 4,850 ft long, and provides access to the Bear Canyon

#3 Mine, located in the Blind Canyon Seam in Wild Horse Ridge. The road has an

overall grade of 10.5 percent, and does not exceed 18 percent at any point. This road

existed prior to mining and will remain in place to meet the post-mining land use.

Construction of this road is discussed in Appendix 5-J.
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Wild llorse Ridge Conveyor Access Roads

These two roads provide access to remote portions of the Wild Horse Ridge

conveyor. The lower road (No. l) is approximately 600 ft long, averaging l0 percent

grade. The upper road (No. 2) is approximately 590 ft long, averaging 19.5 percent

grade. Construction of these roads are described in Appendix 5-J.

These roads will be reclaimed in the same manner as the Tank Seam Access

Road, as described in R645-301-540.

Wild Horse Ridge No.4 Mine Access Road.

This road is approximately 2,000 ft, long, averaging l0 percent grade. Part of this

road existed prior to mining and will remain in place to meet the post-mining land use.

Construction of this road is desuibed in Appendix 5-K.

AI\ICILLARY ROADS

The only Ancillary Road within the permit area is a jeep tail that was constructed

pre-law, probably as a cattle trail. This road is shown on Plate 5-2C. The road is blocked

off, is not within the disturbed area, and is not used; therefore, no maintenance or

reclamation plan is proposed for this trail.
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c0-0P ilIilING c0.
Box 1245

HUNTINGTON, UTAH 84528

Aug. 8, 1983

_s__u_!__u_ul_L!

TO:

DIVISION OF OIL GAS AND MINING
424I  SI -ATE OFFICE BUILDING
SALT LAKE CITY,  UTAH 84114 LrrVl$l0N i;t:

" 
fl IAS't ?,flti l l lrif i

t  I '

Co-op Mining Cb. submits the fo l lor ing plans for that  port ion of  the haul  r r rad

in the lJear Creek Canyon designated as a pr ivate road in the enclosed copy of
thr', aggreement bctween Emery County and Co-op lt l ining Co. The road coincfdes

with the ex' fst ing Bear Canyon road, which fo l lows the or ig inal  contour of  the
larrd,  t r r in inr iz ing addi t ional  d isturbance or adverse ef fects on the environnrcnt. .
There  w i l l  be  no  cu t  o r  f i l l  sec t lons ,  and no  mater ia l  s ide-cas t .  l f  any  new
area js  d is tu rbed,  any  su l tab le  topso i l  w i l l  f i r s t  be  removed and s tockp l led
as descr ibed in the topsoi l  p lan previously subrni t ted.  At  the t ime of  f inal

rec lan ta t io r ,  the  road w i l l  be  rec la imed as  ou t l ined  ln  the  prev ious ly  submi t ted

reclannt ion plon, unless i t  is  determined to be necessary for  post mining land
use. Hydrology for the drainage controls has been calculated by Horrocks

Engineers (See appendage A).  Culverts wi l l  be galvanized corr igated type.

P lease see enc losed l rmp,  p ro f i le ,  and c ross-sec t io r r  fo r  cons t ruc t ion

de ta i l .  (P ta te  3 -5 )

C0-0P t'llt'IING C0I'1PANY

h,///z'%
I.JENDELL OI.IEI{
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AGREE}IENT

Thls agreemenb made and enbered into this t3 J day of

by and between Emery County, a body corporate and polt t lc

Hlning Conpany, a ULah general  partnershtp (Co-Op),

IIHEREAS, there ls an exlstlng road {n Enery county known as Bear creek

Road, and

HIEREAS. Co-Op requlres extenslye use of sald road, and

YHEREAS, due to sald extenslve use. sald road should be relocated for the
health, safety and welfare of bhe cit izens of County as rel l  as others rho may
have occaslon to use said road,

llOLI. THEREFTRE, be lt agreed as follows:

l.  The parLies hereto agree and acknowlbdge thab the southern o.dl.rt l les__
of the road known as Bear Creek Road ls a County road. Sald County road runs
fron state Road 31 in a northerly dlrectlon for approrirnately _ 0.6.I.. _ _
niles to a presently exlsbtng gate. Thereafter the road ls a private noad.

2. That Co-Op wtll relocate the Bear Creek Road aeeording Lo the plans
and speciflcatlong prepared by the Emery County Englneer and descrlbed on the
document entlt led Bear Canyon County Road Relocation dated October 12, 1gg1.

3. Co-Op wll l  relocate the Road according to the plans and specif icatlons
referred to above at their expense. co-op rl l l  relmburse county for

englneerlng costs lnourred by Counby concernlng th€ preparatlon of said plans
and speci f icat ions and s l te  lnspect ions up to  One Thousand (91,000.00)  Dol tars .

4. Co-Op wll l  lndeonlfy and defencl County for any damage caused, or loss

lncurred to or claim nade by any publlc or prlvate tndlvtdual. f lrn, group,

association, partnershlp or corporatlon ag e r€Bult of bhe constructlon
conducted to relocate Bear Creek Road. Sald lndennlf loatlon wll l  contlnue
until such tlne as County approve! the conplcbed roadray and accepts the
constructton Lhereof.

5. Co-op acknowledger and accepts the easenents of llorth Emery tJater Users
and Huntington CIty whlch erlst ln, along and across the relocate Bear Creek

Road. Said easements are ln exlstence on the ground, Co-Opfs acknowledgment

bhereof hereln reeognlz€s and prcseryes sald easenentg.

6. Co-Op agrees io encase water llnes of North Enery tlater Users and
Huntlngton clty ln nestabre corrugated plpe pursuant bo plans and

speclf ications prepared by the Emery County Englneer.

o

t gg3 ,
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T. Co-Op agrees to al low eecess to other property served by the relocabed
Bear Creek Road. Sald access shall  be al lowed to the orner of the property.

the i r  successor  ln  in terest  or  any other  lnd lv ldual ,  f t rn ,  Eroupr  assoclat ion.
partnershlp or corporatlon who requlres access due to thelr assoclatlon wtth
the onner or becauge the oyner has granted perralssion to the lndivldual, f trn,
groupr assoelatlon, partnershlp or corporatlon bo go upon hls property. Co-Op
r11I not withhold aceess due to the type of activlt ,y whieh the bhen owner on
hls agents, enployees or lnvitees intend or in fact conduct.

8. Co-Op will provlde a completlon and perforuance bond to Enery County
upon the erecutlon hereof ln the anount of Twenty-Five Thousand (i25,000.00)

Dorlarg whlch wil l  renaln in force and effect for twelve (12) nonths afber the
date sald road ls aceepted by count,y as lndlcated in paragraph 4 above.

9. Co-0p wll l  provlde l labi l t ty insurance in an amount not less than Flve
Hundred Thousand (S500,000.00) Dollars to be ln force durlng the constructton
of said road, Sald poltcy wll l  name County aa an tnsured.

10. Co-Op agrees to complete said road ln a tinely Banner not to exceed

elghteen (18) months fron the date of thls agreement. County nay make denand
upon the bondlng conpany under the bond provided pursuant to paragraph 8 above
and secure completion of the rel.ocatlon ln the event consuructlon ls not
cotnpleted wl,thln the agreed upon etghteen ( 18) months.

11. It  is further understood that any addlt ional lnprovernents of the
relocated Bear creek Road wtl l  be at the expense of al l  prlmary u$ers.

12. The Co-Op agrees to reclaim bhat port lon of t ,he old Bear Creek Road
accordlng to the speclf lcatlons and requlrements of the Bureau of Land l{anager
(BLH} .

13. Thab the Co-Op agrees to provlde Ernery County clth the necessary

easement agreenents wtth the utah Department of Transportatlon.
14. Co-Op acknowleg,es and agrees to eomply wlth standard number 6.3.8

trProtectlon Zonen of the Utah Sfate Health Drinktng Hater Standards as lL

appltes to supplles of drlnklng rater ln Bear Canyon.

15. County agreel to lnspect the relocated Bear Creek Road wlthin ten (10)

days after noblf lcatlon by Co-Op of the completlon thereof. County nust

within f ive (5) worklng days of said inspection accept the road or notlfy Co-Op
of any deficlencles rhleh musb be then eorrected by Co-Op withln the t lme
perlod outl ined ln para6raph 10 aboye. Should County fai l  bo notify Co-Op of
any defleiencles wlthln f lve (5) worklng days. Lhe road ls deened aocepted by

County and bhe twelve (12) rrcnth period tndlcated ln pargaraph I above begins

to run from the slxth (6th) day after inspection.



Il{ WITNESS HHEREOF. thls agreenent ls executed the day and year above flrsb

rri t ten, at Casble Dale, Ubah, pursuant to a resolutlon of the Enery County

Board of Corulssloners at a regularly scheduled neetlng of the Board,

EHERY COUHIY, a body pollttc and
corporate,

ATTEST

IN I{ITNESS }IHEREOF thls

DATED f i ts t lqac/day of

r, €.f,2,. ta^-t ..------
Chalrnan of bhe Enery Counby
Board of Comtssloners

at Hunttngton, Utah.

co-oP l.llilItfc
partnershlp

19E3.

COIIPANY. a Utah general

" -/trghdJo..t-
a General Partnero

o

agreement ls executed



Appendix 5-G

Tank Seam Access Road
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This appendix discusses the construction of the Tank Seam Access Road and Tank Seam

Portal Pad. In order to clearly complete proper out and fill calculations for the road, the road has

been divided into stations spaced at approx. 100 ft o.c. as shown in Figure 3H-4. A cross section

of each station follows Figure 5G-4. Stations 0+00 and l+00 lie on the Upper storage Pad,

Station -l +00 to the North on the existing road and Station 2+00 to the south on the lowest end

of the Tank Seam Road. The station numbers increase as you proceed up the road toward the

pad.

Construction will begin on the Upper Storage Pad. Construction will consist of removing

topsoil for storage, then removing material from the road cut and compacting in onto the Upper

Storage Pad. Topsoil removal and storage is discussed in section R645-301-240. Table 5G-l

shows the cut and fill volume calculations. Volume in the table represent total cut and fill

material will be placed in the area of stations 8+00 and 9+00.

During the initial road cut, care will be taken to prevent disturbed material form

migrating downslope in the following manner. The initial topsoil removal will be made using a

backhoe. Trees and/or shrubs immediately ahead of the cut will be removed by pulling them

back into the previous cut. Using the backhoe, a berm will be created on the downhill side of the

cut, as shown in Figure 5G-1. When the berm is in place, the road cuts will be started as shown

in Figure 5G-l using a backhoe and/or front-end loader. The road cuts will be made into the

slope towards the cut face rather than parallel to the slope, which will result in any rocks or

sloughage dislodged by the equipment bucket during the road cutting to be contained within the

berm. In the event blasting is required, which is described in Appendix 5-E, the blasts will be
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designed to drop the material in to cut area behind the berm. This will prevent material

generated by the blast form migrating downslope into the undisturbed area. This procedure will

de used to cut a pilot road until the first large fill area. This procedure will be used to cut a pilot

road until the first large fill area (Stations 8+00 and 9+00) is reached.

When small fill areas are reached (e.g. Station 6+00), a temporary silt fence will be

installed at the base of the proposed fill for runoff control, and the same cutting procedure will be

used to create an initial berm inside the silt fence with a backhoe after topsoil removal. The area

inside the berm will then be prepared to allow the placement of the fill, as shown in Figure 5G-2.

Fill material in these areas will be restricted to no more than 15' downslope form the road,

allowing a backhoe to easily reach the material during reclamation. Rock fragments larger than

l8 inches which are disturbed will be embedded into the surface of the fill as described in the

slope stability analysis on page 5G-48. These areas are included in the disturbed area, and are

designated as BTCA areas (See Plate 7-1E and Appendix 7-K). As soon as the fill material is in

place, erosion control matting will be placed on the disturbed slopes as described on Appendix 7-

K. The temporary silt fence at the base of the fill material will remain in place for runoff

treatment until installation of the erosion control matting is complete.
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Figure 5-G-1. Typical Road Excavation Sequence

All cuts will be made behind the berm generated byNOTE: Road cut sequence may vary.

the initial backhoe cut.
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r l t h  t o p 6 o l  I  t r r o r ! 1 .
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NOTE:

Figure 5G-2. Cut and Fill Diagram for Small Areas

This diagram represents a typical sequence for the construction of small frlls

alongside the cut road. Configurations shown are typical and the actual profile

may vary.
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When the large fill area is reached, temporary silt fences will be placed below the fill area

prior to equipment entering the proposed disturbed area. The silt fences will be placed so as to

treat runoff from all disturbed area not contained by a berm during construction. Topsoil

recovery will then begin in the fill area. During topsoil removal a ramp will be constructed

which will weave back and forth along the face of the fill area to the base.

As the base of the fill area is approached, care similar to the procedures described

previously for cut and fill will be taken to prevent rocks and other material form being pushed

onto or below the silt fences. The following sequence will then be used starting at the base of the

fill area.

The base of the fill area will be prepared according to the recommendations on Page 5G-

48 by removing all vegetation and rock fragments larger than 18 inches which are not embedded

into the natural ground and/or stable, and any cobble or boulder sized rocks which are positioned

so as to interfere with the compaction activities. Placement of the fill material will then begin

and the material will be compacted in lifts not exceeding l8 inches. The initial cut to reach the

base of the fill area will act as a series of terraces with which the fill material can be keyed into

the natural soils, as recommended on page 5G-48. As the fill progresses up the slope, removal of

rock fragments and vegetation will continue on the slope above the fill. Rock fragments less

than 18 inches will be incorporated into the fill as they are removed. Rock fragments larger than

18 inches will be incorporated into the surface of the fill and will be embedded into the fill

material to aid the surface, remaining rocks will be temporarily placed on the Upper Storage Pad
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until construction of the road is complete, and then will be placed as described below according

to the discussion on page 5G-48.

The cut and fill volume in Table 5G-1 represent the maximum amount of fill which will

be encountered in the road excavation. The possible presence of excessive rock fragments larger

than 18 inches may generate a reduced amount of fill and rocks which may need to be stored

until reclamation. The extreme width of the road at stations 8+00 and 9+00 account for the

maximum amount of fill material, which may be encountered. Excessive rock fragments could

decrease the available fill. If this scenario is encountered, an alternate configuration, involving

terracing of the fill, would provide a stable surface for which to store the additional rocks

encountered during construction. If additional storage area is required, the necessary amount of

area will be obtained by redesignating part of the Upper Storage Pad for storage of these rocks.

These storage areas will be level or near level, so as to meet the requirements of R645-301-535.

Rock fragments will be placed in single lifts as described on page 5G-48, in order to guarantee

the safety factor requirements of R645-301-535.
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Note:

Figure 5G-3. Alternate Fill Area Configuration.

Scale: l "  : 40 '

This figure represents an alternate fill configuration to account for the potential
lack of fill material due to excessive large rocks (>18" m.d.). The elevation of the
terrace may be lower than showno or the terrace area may consist of more than one
terrace, depending on the amount of fill available and amount of rocks
encountered. As excavation progress, the amount of fill will be monitored.
Approximately 3900 sq. ft. of terrace area is available for potential rock storage
area (0.09 acres).

5G-8
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As the fill material is placed and compacted, the surface of the slope will be scarified and

ripped horizontally to create a rough surface and water-holding pockets for interim vegetation,

along with the embedded rocks. Erosion control matting will be installed in junction with the

filling and compacting to prevent erosion form occur9ng on the fresh slopes. The matting will

provide erosion and runoff control, and will aid in the establishment of interim vegetation. The

matting will be maintained on the slopes as the primary BTCA treatment (Appendix 7-K), and

will be maintained until an adequate demonstration that interim vegetation qualifies the slopes

for designation as SAE (Small Area Exemption) areas. Division approval will be required before

this designation can be made. Temporary silt fences will be removed once the installation of the

matting is complete.

Culverts will also be installed on the fill slope as construction progresses up the slope, in

order to avoid disturbance of the surface after construction. Culvert outlets will be protected as

described in R645-30 | -7 42.300.

The cut and fill methodologies in the Appendix will be used throughout the construction

of the road and the portal pad. As construction of the pilot road progresses, temporary ditches

which meet the designs specifications of the permanent ditches will be maintained along the pilot

read, with silt fences placed just above the culvert inlets treating any runoff. Approximate silt

fences locations are shown on Plates 7- 1 C and 7- l E. Upon completion of construction, final as-

built contours will be submitted to the Division.
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Final crowning of the road and installation of permanent ditches will be completed

following initial road and pad contouring. The approximate road and pad contours are shown on

Plates 5-2.

A slope stability analysis of the cut slopes and fill areas, as well as some discussion on

the construction methodology, is on page 5G-44 following the cross sections.

Upon completion of regarding activities, interim stabilization of the cut slopes will be

accomplished through hydroseeding as described in R645-301-331. Cut slopes will be seeded

using the seed mix an mulch described in Tables 3-3 and 3-4. Downslopes will be seeded by

hand prior to the placement of erosion control matting using the permanent seed mix shown in

Table 3-3. This seed mix will be used in order to establish shrubs as well as srasses to aid in

interim stabiliw.

The final as-built cut and fill material volumes are shown in'fable 5G-2 on pg. 5G-71.

During reclamation 1,000 yds3 of material was hauled from TS-15 as described on page

5J-13. Because of this 1.000 vds3 of material will be left in TS-8 for use in reclamation in that

atea.
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Figure 5G-4. Tank Seam Road/Pad Stations Map
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Table 5G-1. Tank Seam Road Cut & Fill Summarv

Cut (+) Volume
Volume* Cumul.

Station

Fill (-)
Volume
(cu yd)

456

2,084

2,419

63r

68

53

r39

68

3,025

7,145

498

779

0

0

150

1,089

(cu yd)

0

0

0

367

802

669

386

480

t22

0

526

258

676

741

266

547

(cu yd)
0

-456

-2,084

-4,959

-5,223

-4,489

-3,873

-3,624

-3,214

-6,117

-13,262

-13,234

-13,755

-13,079

-12,338

-12,222

-12,764

Station
l5+00

16+00

17+00

18+00

l9+00

20+00

21+00

22+00

23+00

24+00

25+00

26+00

27+00

28+00

29+00

30+00

Fill (-)
Volume*
(-cu yd)

300

140

r75

0

0

0

0

0

0

822

269

0

0

0

0

20,310

Cut (+)
Volume*
(cu yd)

69

236

299

550

871

796

819

642

7t3

83

536

1,265

4,528

1,994

1 ,1  l0

20,351

Volumr
Cumul.
(cu yd)

-12,764

-12,995

-12,899

-12,775

-12,225

-II,354

-10,558

-9,739

-9,097

-8,384

-9,123

-8,856

-7,591

-3,063

-1,069

4 l

-l+00

0+00

1+00

2+00

3+00

4+00

5+00

6+00

7+00

g+00

9+00

l0+00

I l+00

12+00

l3+00

14+00

15+00

*Cut and fill volumes measured using Quicksurf Version 4.0 3-D molding software package, copyright

1991, Schreiber Instruments, Inc., based on premining contours from 1991 aerial survey and proposed

contours shown on Plate 5-2E.
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TANK SEAM ACCESS ROAD

SLOPE STABILITY ANALYSIS



I27 SOTTTH 5OO EAST, SUITE 3OO, SALT LAKE CITY, UTAH 84102-1959
(801) s l l -9255 FAX: (801) 521-0380

May 6, 1994

CO€P Mining Company
P.O. Box lZ5
Highway 3l
Iluntington Canyon
Huntington, Utah 84528

Attention: Mr. Charles Reynolds
Mining Engineer

Report
Geotechnical Consultation
Tank Seam Portal Access Road
Job Ns. 27437-001-162

TMROpUCTTON

An initial report addressingtlre stability of theTaDk Seam Ponal Access Road, dated September 16, 1993
was previously sent to CO-OP Mining Cornpany. Several initial concepts concerning road construction
have been rE-evaluated. This report updates Ore initial report and incorporates latest construction
concepts.

CG'OP Mining Company proposes to construct an access road in Bear Creek Canyon to the Tank Coal
Seasr located at an elevation of approximately 7,720 fwt. The general location of the proposed road
relative to existing coal facilities is shown on Plate l, Plot plan.

On August 30, 1993, Wendell Owen and Charles Reynolds contacted Dames & Moore urd requested that
the design cut and fill slopes of the proposed extension of the existing access road at the Bear Creek Mine
be evaluated. CGOP Mining Company plans to commence underground rnining of the Tank Seam which
is above the Bear Creek Seam currently being mined. On September 2, 1993, an engineering geotogist
from the Salt Lake City office of Dames & Moore made a reconnaissance of the proposed access road
alignment accompanied by Charles Reynolds, Project Mining Engineer for CO-OP Mining Company.
Observations and recommendations resulting from that reconnaissance and subsequent analyses are
presented in this report.

BACKGROT'ND-

CO-OP Mining Company is in ttre process of expanding its underground coal rnining operation and
proposes to mine the Tank Coal Seam approximately 300 feet above the Bear Creek Seam currently being
mined. To access the Tank Seam, CO-OP Mining Cornpany proposes to extend the existing access road
from ttre Bear Creek Portal, at elevation 7,440 feet, to the Tank Seam portal area, at an elevation of
approximately 7,720 feet.



CO-OP Mining Company
May 6, 1994
Page -22

An engineering geologist and a geotechnical engineer from Dames & Moore visited the site in 1980 and
performed a reconnaissance survey of the area prior to the corrstruction of the Bear Creek Portal acces$
road. That road was built with cut slopes in rocky slope wash (colluvium) using side-cast construction.
The road has been serviceable with linle or no rnaint0nurce problems since construgtion was completed.
Two lener reports addressing the Bear Creek Portal Access Road cut and fill stability were provided ro
Co-oP Mining Company, dated December 29, 19t0 and February zo, l98l.

The proposed access road to the Tank Searn Portd is expected to be 14 feet wide with a drainage ditch
and safety berm. The total width may approaclr 20 feet. Planned construction is expected to be achieved
through cut and frll methods.

srrE CoNDITIONS

The general location of the Tank Seam Portal Access Road is shown on Plate I, Plot Plan. The access
road will be constructed by cut and fill methods. The average natural slope angle of the slopes across
which the Tank Seam access road must traverse is approximately 35 degrees. The majority of material
to be excavated is expected to consist of frne to coarse gravel, cobble, and boulder sized pieces of
sandstone in a matrix of sand and clayey silt. This material generally has a slight to medium dry strength
due in part to the presence of calcium carbonate cementation. Some natural slopes in this material are
standing vertically up to a height of 15 feet.

Bedrock of moderately hard to hard, fine to medium grained, bedded sandst'one is prwent as scanered
outcrops throughout the slope. Most of the outcrops form prominent near horizontal ledges on the slopes.
Venical joints form boulder sized blocks in the bedrock which in turn produce angular boulder and cobble
sized rock fragments that are scatter€d across the slope surface. Occasional juniper and pinon pine trees
as well as sage brush and other large shrubs comprise the majority of vegetation on the stopes.

SOIL COI\DffiONS.

During the reconnaissance of the Tank Seam Portal Access Road, two soil samples were obuined to
determine the engineering properties of the soil. The approximate locations where the soil samples were
taken are showrt on Plate l, Plot Plan. The results of a partial grain size analysis are tabulated below:

PERCEI{T
FINER BY UEIGHT

o
SAMPLE l.\IO.

I

sIEvE Np.

#4
#10
#40
#2W

91.6
74.4
62.7
27.1
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SAMPLE. NO,
2

SAMPLE LIQUID PLASTIC
NO. LIMIT % LTMIT %

Results of Atterberg limits tests performed on material finer than the number 200 sieve for bottr samples
are tabulated .below:

SIE1IE NO.
#4
#10
# f i
rzffi

PI.ASTICITY
INDEX

5
6

PERCENT
FII{ER By WETGHT

74.0
65.8
55.3
37.0

UNIFIED SOIL
cI.AqsrFrcATIoN

CL.ML
CL.ML

l9
l6

24
22

I
2

These tests indicate that the finer fraction of the natural soil in the area is more silty ttran the soil tested
previously during construction of the Bear Creek Portal Aceess Road.

Coruolidated drained direct shear tests were performed on remolded portions of these two samples. The
average strength values obtained from the direct shear tests indicate an effective stress friction angle of
32 degrees and a cohesion value of 180 psf. These soil properties were utilized in the subsequentilope
stability analyses for both the cut slopes and the major fill slopes.

sroPE STABITLTTY ANALYSTq

An andysis of the stabitity of proposed cut stopes and fill sections was performed utilizing a two
dimeruiond, limit equilibrium stability program callod PCSTABLS. For the art slope evaluation, an
automatic search routine was employed to determine the failure surfaces with the lowestfactors of safety,
Both random and circular failure surfaces were evaluated. For the fill section, a specified failure surfaie
was input to represent the uitical failure surface. For both analyses, a natural slope of 35 degrees was
modeled considering dry conditions.

The analysc of the cut slope section considered vertical cuts, one horizontal to four vertical (lH:4V)
cuts, and one horizontal to two vertical (tH:2V) cuts. Bedrock w:rs conservatively modeled to be present
6 feet verticdly below the ground surface and to trend parallel to the natural cut. The depth to bedrock
dong the Tank Seam Access Road is realistically expected to vary from exposures at the ground surface
to depths of 2 to 3 feet. From a constructability standpoint, a lH:2V cut configuration was deterrnined
to be the most stable. Plate 2 presents the configuration modeled, the input material properties, and the
ten failure surfaces with theminirnum safety factors. A minimum hctor of safety of i.+ was determined
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for the input configuration. The 'arrows' oD Ptate 2 indicate the failure surface wi0r the lowest safety
factor.

The ualyses of the fill section modeled an access rbd entirely eonstructed on fill. Tbe fill slope was
input with a lH: lV slope and a specified failure surface was evduated. Plate 3 presents the slope
configuration, input properties, and the minimum safety facror. The natural slope was modeted as a plane
surface, bowever, in reality this surface would be stepped due to occasional bedrock outcrops, and the
faclor of safety may actually be somewhat higher than portrayed

coNcL.uliloNs Ahrp REcoMMEnrpATroNs

It is our understanding, from a telephone conversation with Charles Reynolds, that a minimum factor of
safety required for cut and fill slopes dong the access road is 1.3. The computer analysis for cut slope
stability indicates a minimum static factor of safety of 1.4 for a slope of 1H:2V, or a slope urgle of
approximately 63 degrees. In the stability analysis we conservatively assumed a depth to bedrock of 6
feet. The depth to bedrock along the Tank Seam Access Road alignment will probably vuy from
exposures at the ground surface to depths of 2 to 3 feet. Only in the larger gullies, where the road will
be mostly or entirely on fill, will the depth to bedrock exceed the assumed average of 6 feet. The effect
of the calcium carbonate cementation in tlre soil was not incorporated into the analysis. If it had been,
the factor of safety would be significantly higher.

The large fill across the gully wherc soil sample No. 2 was taken is expected to have a factor of safery
of approximately 1..4 if the fill slope is constructed at a slope of lH:lV. The fill material should be
compacted in liftsnot exceeding lE inches indepth and compacted by heavy machinery duringplacement.
All rock fragments in excess of LE inches should be removed from the fill. Rock fragments incorporared
in the fill should be placed in a manner to minimize void space. It is recornmended that ttre natural slope
surface be prepared for the fill by removing vegetation and loose cobble and boulder sized rock
fragments. Cobble and boulder sized rock fragments securely embedded into existing slopes may be left
in-place provided adequate compaction is achieved adjacent to these fragments. We recommend that a
series of narrow terraces, approximately 10 feet wide, be constructed to key the fill material into the
natural slopes.

Stability of the slopes will be influenced by the degree of saturation of existing soils. Therefore, surface
drainage must be ctranneled to prevent or at least minimize runoff over the slopes. Also, snow removed
from the access road should be placed at the south end of the switchback to minimize the amount of
moisture percolating into the fill slopes or road surface due to melting snow. We understand that erosion
control mats will be placed on constructed slopes 0o minimize minor slides and sluffs.

We understand that boulders obtained from cut areas during constnrction, that are not incorporated in fill
areas, will be placed on terraced portions of fill slopes. Boulders will be placed in a single lift on
horizontal terraces to simulate natural conditions.
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Based on tte slope stability analysis and obsenations made during the reconnaissance visit, it is our
opinion that ttre cut and fill slopes will perforur satisfactory and sirnilar to those located along the Bear
Creek Portal Access Road. 

.

We appreciate the opportunity of visiting the site and assisting you witlr the expansion of the Bear Creek
Mine. If you have any questions concerning this report or if we can assist you in any other way please
call at your earliest convenience.

Sincerely,

DAMES & MOORE, INC.

C ELL 4*
C. Charles Payton, e.E.G. 

/

Associate

furlM
Russell L. Owens, P.E.
Professional Engineer
State of Utah

Attachments:

P la te l -P lo tP lan
Plarc 2 - Cut Slope Cross-Section
Plate 3 - Fill Slope Cross-Section
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July 12, 1994

CO-OP Mining Company
P.O. Box l?45
Highway 3l
Huntinglon Canyon
Huntington, Utah 84528

Attention: Mr. Charles Reynolds

RE: Clarifications to Tank Seam Portal Access Road Repo*

Dear Charles,

The Division of Oil, Gas, and Mining has asked for two clariticstisn$ eoncerning the Tank Seam Po*al
Access Road report, dated May 6, 1994, These clarifrcations include the potential for failure surtaces
within the narural soils underlying fill areas of the Tank Seam acces$ road and the use cf I8 inch lifts for
road construction.

The depth to bedrock along the Tank Seam Access Road is expecte<l to vary from exposures at rhe ground
surface to depths of ? to 3 feet. The bedrock outcrops and soil deposits along the access rcad form a
"$tepped" slope. Plate 3 of the report presents a simplified natural slope in order to determine the factor
of safety for failure surfaces within the fill. The narural sl*pe waq portrayed as a relatively smcloth soil
slope for ease of rnodelling since the potential of a failure surface extending &rough the nafural slope.
as oppcsed to failure within the fill, was considered remote. A model portraying a "stepped" slope wirh
appropriate bedrock shear strength properti€s would confine crirical failure surt'aces within the road fill.

Dames & Moore's September 16, 1993 report recommended that the fill mararial utilized fur rhe Tank
Seam Acces Road construction "be compacted in lifts not exresding 8-inches in clepth and all rgck
fiagments cobble sieed and larger should be rernoved from the fiII". This recommendation was changed
in our May 10, 1994 such that 18 inch lift* could be utilized and that rock fragmsnrs in excess of l8
inches could be incorporated into upper lifu providul the material adjacent to the rock fragmenlr was
properly compacted. The original recommendation of f-inch lifts and removal of csbble size fragmenrs
is standard for structural tjll underlying toundations to assure adequare bearing capacity and tr:r minimize
settlement. Since bearing capacity and minor settlement are not issues with tlre access r*ad, we felt rhat
18 inch lifts would not reduce safety factors for the fill and w*uld expedite consrrucrion provided the lifts
were properly csmpacted to minimize void spaces.

We hope these clarifications are beneficial, If additional information is required, please do not hesitate
to call.

Respectfully,

INC.

W#^,*-
Senior Geotechnical Engineer



Tank Seam Fill

As Constructed

Slope Stabitify Analysis

B.C. 8t0r/02



Introduction

The following section contains slope profiles and a stability analysis for each fill slope

along the Tank Seam Access Road. Final backfilling and grading along the access road was completed

in November 1994.

Soil samples for the stability analysis were collected from the fill material prior to

placement of the fill. Analysis of the soil samples were performed by Dames & Moore. The slope

stability analysis and safety factors were generated by Dames and Moore.

The location of the five fill areas are as follows (Stations are shown in Figure 5G-4).

TSF-I fill is located on the upper storage pad in the area of station l+00. TSF-2 fill is located in the

area of station 8+00 and 9+00 (large fill areas). TSF-3 fill is located between stations 10+00 and I l+00.

TSF-3 fill is located at the switchback. in the area of Station l5+00. TSF-5 fill is located in the area of

Station 25+00.

The following figures show detailed as constructed slope profiles of each fill area.

Following the profiles is a slope stability analysis, which analyzes each fill area.

B.C. 5G-55 8t0y02
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December 5, 1994

CO-OP Mining Company
P.O. Box 1245
Highway 31
Huntington Canyon
Huntinglon, Utah 84528

Attention: Mr. Charles Reynolds
Mining Engineer

Report
Geotechnical Consultation
Tank Seam Portal Access Road
Job No. 27a.37-001-163

TNIRODUCTTON

This report presents the results of stabitity analysx performed by Dames & Moore for Tank Seam Portal

Access Road fill sections for CO-OP Mining Company.

PURPOSE & SCOPE OF STUDY

The purpose and scope of this study was defined in our proposal dated October 24, 1994. In

accomplishing the work the following services were performed.

Analyzing laboratory tests to determine appropriate estimates of soil strength parameters to be
utilized in the subsequent analyses.

Modeling five separate fill slope sections. "As built drawings of the slopes were supplied by CO-
OP mine.

Compiling data into this document that summarizes laboratory tests data and analyses results.

1 )

2)

3)
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LABORATORY DATA

The laboratory data used in our engineering analyses were obtained from mechanical grain size analyses,

compaction tests, and consolidated drained direct shear tests. Initial results for sample TSF-3 seemed

low, consequently a second sample, designated TSF-6, was collected and tested. Results of the two tests

were averagerl and used for modeling section 3. The test results are summarized in the following

paragraphs. '

MECHANICAL ANALY$FS

To aid in classifying the soils mechanical sieve analyses were performed on bulk samples collected from

fill that was to be placed at each fill section. Results of the gradation analyses are pre$ented in Table 1.

Table I
Mechanical Analyses Results

CqMPACTIB.N TESTS

Compaction tests

each fill section.

were performed on bulk samples

Results of the gradation analyses

collected from fill material

are presented in Table 2.

Sample
Number

USCS
Classification

Percent
Gravel

Percent
Sand

Percent
Fines

TSF-I sc-sM 23.9 43.9 32.2

TSF-2 sc-sM 25.4 35.0 39.6

TSF-3 sc-sM 25.2 27.8 47.0

TSF4 CL.ML 17.4 23.2 59.4

TSF.5 CL-ML 1 7 . 6 19.2 63.2

TSF-6 sc-sM 26.7 30. I 43.2

that was to be placed at
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Table 2
Compaction Test Results

Sarnple
Number

uscs
Classification

Optimum
Moisture

Content %

Maximum
Dry Density

PCF

TSF-I sc-sM 10.3 124.4

TSF-2 sc-sM 7 .9 r31.7

TSF-3 sc-sM 6.3 139.7

TSF4 CL-ML 9.2 128.9

TSF-5 CL.ML 9.6 132.4

TSF-6 sc-sM 7 . 8 136.6

DIRECT SHEAR TESTS

Direct Shear tests (consolidated drained) were performed on remolded bulk samples which were collected

from fill ttrat was to be placed at each of the fill sections. Samples were compacted to 95% of the

maximum dry density as determined in the compaction tests. In accordance with ASTM 3080 the plus

3/8 material is removed prior to remolding. The plus 3/8 inch fraction of the samples ranged from 12.6

to 20.5 percent. Subjective interpretation was necessary for some tests due to scatter in the data points.

The results are summarized in Table 3.

Table 3
Direct Shear Tests Results

Sample
Number

uscs
Classification

Friction
Angle

Cohesion
psf

TSF.l sc-sM 38.7 168

TSF.2 SC-SM 28.0 290

TSF.3 sc-sM 36.6 0

TSF4 CL.ML 40.6 15

TSF-5 CL-ML 28.2 510

TSF-6 SC-SM 36.5 r62
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sLoPE STAB-rLrTY AI{ALYS ES

Analyses of the stability of the proposed fill sections were performed using a twodimensional, limit

equilibrium stabilityprogram called PCSTABL6. An automatic search routine was employed in each case

to determine the failure surfaces with the lowest factors of safety, In all cases the fill was modeled

assuming unsaturated conditions.

The geometry of each section was modeled based on the "as built" drawing provided by CO-OP. In each

cu;e 95% of ttre maxirnum dry density as determined by the compaction tests was input for the soil unit

weight. Friction angles and cohesion were obtained from the direct shear test results. Bedrock strength

properties were input to reflect significantly higher strength values than the fill material in order to

determine the factors of safety of the fills.

STABILITY A NALY.SFS- RESULTS

The results of our analyses show factors of safety in acceptable ranges. For sections 1 and 5, the

minimum calculated safety t'actors were above 2.0. For section 2 the minimum calculated safety factor

was 1.33. For section 3 the minimum calculated safety factor was 1.36. For section 4 the minimum

calculated safety factor was 1.50.

It is our opinion that the fill slopes should generally perform satisfactorily. However, due to limited

sampling and testing and potential variabilities in fill placement, we recommend periodic inspection of

the fill slopes for any signs of distress, particularly at sections 2 and 3, and after periods of high

precipitation or snowmelt.

oOo
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The following Plates are attached and complete this report.

Plate 1 - Fill Slope Cross Section TSF-I
Plate 2 - Fill Slope Cross Section TSF-Z
Plate 3 - Fill Slope Cross Section TSF-3
Plate 4 - Fill Slope Cross Section TSF4
Plate 5 - Fill Slope Cross Section TSF-5

Sincerely,

DAMES & MOORE, Inc.

Lfu
ssell L. Owens, P.E.

enior Geotechnical Engineer
Professional Engineer, N. 180048
State of Utah

Professional Engineer No. 184573
State of Utah

Curtis J. ffiner, P.E.
Staff Engineer



,\
+t
ar
v

o
ID UI

.'|
x
c
Ix

o
ID

a

G|
t l
E

E.x
r f t

o
h

u?
Fl
tr
c
F
ou
A

t
I
o
!?
a a

f{

!il
gr
I
o
N
I

tt
r{

tr
OI{
,rb
+r(J
t,
O . .
ra trn
t

- l t
r f r H

ll. rl
l t a
F  ! r

Cr{
.;lr
EOo
&U
O . .tuou).

I

,t
0

tA

t,
tA

*
I

{r
u
o
.

E
o
H

o
.tlA

X+r
Cl{
l v

t{

rtf

il'r
g t
- t t
t U ,

u
out
t o

f;ioo
t
IE

J hnf,oc

g\

i$nu
,n

uugB
S,{,{

trn
=*rnn
tiP:
lAv

+n1
I*ro
? Y N N
e.tdd

I{Y

l .
09rrnt

(4O Fl r{ (DUl 3s N Oo Otrq T T r?'? q':': ': q
N fl fiI Nnt ({t fiI GiI$iI N

r dNmtn$Nos ro
"{



o
n
r,l

u?
N
'.{

j

I
F
?
N

ril
tr
I

fit
N
I

r{
r{

a
Oa
df

g.
\,

h
r l

x
c
Ix

t?
t\

ilt

t
il

t l
c

r {

f
o
Ia

tr
llrn

Fl
EI
G
H
ou
h

c
OF
,lrJ
.ru
(t
O . .(,r,
tr

t
At t!-i 

frl{
lL rl
9r' .ii
F  g r

tr$t
,ffr
TO

o
AU
O . '
t g
o
(rf r

Fl
I
u

.A
f
.t
tu
+,
tl
o
.
E
at
H

oo
+{

N

o
f- It

l!

lll

H

rt
3 lrl
l o

tioo
I
IE

= k
tr{oo

fl
F'

i#ns
"qsfl.3|,tlt
#n

ilIEE
nv

FI
+)ta .
T*no
l i9Nlr?
D F d d
lrv

i .
8l*"
u f , A O 0 @ O t { m t l ! ?r rn l  0 l  qqqqqqqq

d;{  r {  
" {+{  

t {  d +{d 
"{

*dNo+n toNoa t r
t {

PLATE 2



o
t
r{

a
N

"{

o($
.{

A
ar
1..
v

lrl
8.r
!0x

G
Ix

lo
tr:
,,1

8 t f
\09

d

I
a
h

11
FI

otr
rlc

H
o(,
A

t
I
u?
1:
o

rl
gr
I

o
$
I

d
.{

E
OH
.rb
9U
o
01.'
uf tt

n
6
fi
At<

Fl
&

Q r
B|rt

,dq
EO

o
hU
O . .ru
o
( J .

A
,T
o
.A
{t
.tl

t(J

.'
tl
o
t
C
a
ts

to
I

lJ.
o
F

u
A . r r l O
10 l+r $

G(|.
t v
)|

9R"

r!g

Nq
ofr|.|t
hu

vl
ou t
t s

ll"o
I
fi

3r1trf,oo
Ag1
E ) .

d 0rraf?
Sro(r
H-

"fi.f;*?oa
#n

TIEE
,**
f A .
I*-ltn- : i - - r  r -

t Yollt?
U rfdd
Fv

: .
o oxru

9 t € r o \ g t \ O 6 6 s r O Nrr 0? 0l 0? n?f'l q q q1 q
r { d r { d H d i l d d d

* " { G l ( q t n € F O O O
d

PLATE 3



,t
€
fr
t

a
r9 !l

.-
x
c
Ix

t
I
o
J
ct

rt
o
I

flt
N
I

t{

r{

tr
OF
,,{}J
+ru
o
O t .
|/af|l
n

t
aa
^! Atr
+F t
!r, *
F  l s t

tr!f.rfr
.oo
AU
O . .
t ( )
o( r .

Fl

f i
g

.A
{t
.A

I(J

+'
u
o
.

c
g
H

o
Itt

a

rt
t l
tr

8.x
r f t

a
F.

rt
}lgl
c
F|
uu
h

n
r lA

xf
Gtr
l v

ar

H0g

rif

il(r
g l, { t
hn

ttr
glfi
t o

fNoo
I
t[

t rtrf;oo

Bq
i$es

?o\
uinS
$*o

{'r.\
Itoa
? YNU?
E H"{r.l

?",
f A .
Iqruo

I$sl
l .
O OrfgU

7 } O l ? C n F o r o \ O t r O' r?qTqu?r:  ! :11q
d d d r { d d d d " { d

l r l N F ) + l t i r o F O $ C
r{

PLATE 4



o
(rl
d

a
Oa

+
lr
v

n
.tl

x
G
Ixa

€
u?
rt

(\l
t l
c

r {

T
tn
h

E
!f{n

}ln
1l
H
U,u
A

j
*
N

t:
m

G
ur
I

GI
N
I

d
,l

F

Ot{
'rb
+ru
f,
O . .
ta t

fi
t
't
e*{

|l
*

$ r
e$r
.rl
troo
*(J
O . .
I U
o
( J .

A

tt
t

.tl

f
.l

t
I

J
I
o
-
tr
o
F

to
I

lt
o
F

!r
|'IA

x+r
(l$l
l v

fr

ft

Srsl
ro

rlf
H(|
Ot{
..t J
*tA

$
on
h o

f,ioo
I
l!

t rnf;oo
lnt
E J .

i$ns
"fr:il.lu?o.'
+rfr
I*oo
f,H:T
rrv

J^9
Iqno
f [5P
Fv

= .
O 0rftl

v r n f i O u l O f i r t q f \ f \
] r € $ F r s F o O 6 € 0 0

ddddd$idd*;n;
* d $ 1  0 ) C l l ? g f i O g r O

"{

PLATE 5



Table 5G-2 Tank Seam Road As-built Cut and Fill Summarv

Fin (-)
Volume'
(cu yd)

Cut (+)
Volume'
(cu yd)

Fill G)
Volume'
(cu yd)

Cut (+)
Volume'
(cu yd)

Vohme
Cumulative

(cuyd)

Volume
Cumulative

(cu yd) Station

0+00

l+00

2+00

3+00

4+00

5+00

6+00

ft{o

8{{0

9+00

l0+o0

I l+00

l2+00

l3+00

l4+00

I  ,140

2,850

3 ,135

2t9

76

48

154

29

2,422

4,462

230

283

29

49

0

0

0

463

1,123

60t

719

697

185

79

678

138

520

340

0

-1,140

-3,990

-7,125

-6,881

-5,834

-5,274

4,709

-4,041

-6,278

-10,661

-10,213

-10,358

-9,867

-9,576

I 4+00

I 5+00

l6+00

l7{{0

I 8+00

l$o0

20+00

2l+{0

22+44

23{{0

24{{0

25{{0

26+00

27+{A

28{{0

58r

844

0

57

0

52

tt7

78

225

679

r24

180

340

30E

79

l l0

798

886

743

254

555

843

357

60

1,008

3,730

2,015

1,657

-9,576

-10,078

-10,812

- l  q0l4

-9,185

-8,442

-9,240

-7,902

-7,037

-6,905

-7,524

-6,640

-3,090

-1,415

-66

*Cut and fill volumes measured using Quicksurf Version 5.1 3-D modeling software package, copywrite 1995,
Schreiber Instruments, Inc., based on premining contours form 1991 aerial survey and contours shown on Plate
24E ftom 1995 aerial survey.

B.C. 5G-71 8/0v02



Figure 5G-5. Tank Seam As-built Road/Pad Stations Map
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APPENDIX 5-H

SLOPE STABILITY ANALYSIS



Dames& Moore 250 East Broadway, Suite 2m
Salt Lake City, Utah 84111
(Eol) s21-%5s
TWX: 910-92+ffi92 Cable addrcss: DAMEMORE

Deeember 29,  1980

Mr. l{endell
CO-OP l,lining
Box 300
Huntington '

Ovren
company

Utah 84528

Dear Mr. Orsen :

Report
Geotechnical Consultation
Bear Creek Portal

. Near Huntington ' Utah
For CO-OI lvli.ning . Com?,anv

INTRODUCTION

the purpose of this rePort is to dlscuse the stability of

side-cast fill material placed dluring construction of the access

road to the Co-oP Minlng company Bear creek Porta1 . The scope of

our consultation was formulated Ln discussions with Mr. Owen and

consisted of a brief field teconnaissance, collection of a sarnple

of the flll material , lirnited labotatory testing and preparation

of thls report.

The B€ar Creek Portal is locatedl in the Sw L/4, sw L/4, S- 24,

T. 15s., R. ?8., Emery county. Sevelal abandoned faci l i t ies fron

a previous mining effort exlst near the Portal. lfe undelstand that

the co-oP Mining company is in the ProcesE of re-opening the ol'd

mine and that the existj.ng old Portal will be used for ventil'ation

of the new mine. The mine is located in a steep slope in the

wasatch Plateaui access to the Portal ie by a typical unsurfaced

access road con€tructed by conventional side-cast methods.



CO-OP Mining Conpany
December 29, J-98O
Page-2-

We understand that a violation of the federal regulations
(Sect ion  7L7.L4  in  the  Pedera l  Reg is te r ,  Vo l . {2 ,  No.239,  P .62695,

lEsued Decenber L3t L9771 was issueil by_ the State Dlvision of OiI

Gas and Mining to CO-OP Mining Company. Part {c) of this section
states that surface operationE on steep slopes (20 degrees or more)

"shal-l be conducted so as not to place any material on the dolrn
Elope below road cuts, nine workings or other benches, other than

l-n conformance with part (a) (I)" of SectLon 7I7.14. part (a) (L)

states that fills shall achieve a minlmum static safetv factor of
1 R

The slope where the Bear Creek Portal is located ls steeper

than 20 degrees and the only feasible way to construct the access

road is by conventional side-cast methods. Therefore, the static
factor of safety of, the side-cast material is the key lssue.

DISCUSSION

The material being exeavated and forming the side-east fi l l
is gravel and cobble sized pieces of si l ty sandstone in a sandy
and silty clay matrix. Caleium carbonate derived from the cement
in the sandstone is also present. The results of a part ial  grain

siee analysis are tabulated below:

S TEVE
NUMBER

t*4
#40

#200

PERCENT
FTNER BY WETGH?

72.2
64 .0
37  .2



CO-OP Mining ComPanY
Decernber  29 ,  1910
Page-  3  -

The results of an Atterberg Limit
the mater ial  f iner than the number 200

deterrnination performed on
sieve are tabulated below:

UNIFIED SOIL
CI,ASSIFICATION

LIQUID
LIMIT ( T )

PI,ASTIC
LIMTT (8  )

PI,,ASTICTTY
INDEX

30.5 15 .  5 14 .9 ct

During our reconnaissance, we exanined the access road leading

to the Trall Canyon Portal in Section 22. This road is in virtually

indentical conditions to the road leading eo the Bear Creek Portal.

Some of the siile-cast fill near the Trail Canyon Portal is 25 years

oldi the youngest of it is about 10 years old. The side-cast fill

material near the rrail Canyon Portal is nearly everlmhere sloping

at 35 degrees (approxlmarely L-I/z horizontal to 1 vertical).

The side-cast material appears to be performing in a satis-

factory manner. In nany places, the side-caet material appears to

be very sinllar to.natural slopes between nearly vertlcal e:qlosures

of resistant sandstone. Very ninor gullies anil s h:mps are present

locally. vegetation is becoming established on some of the slopes.

The surface of the side-cast material is quite firn and dif-

ficult to l'alk on because boot heels don't penetrate. we believe

that the reason the surface is so firm is related to the clay and

the cafciu carbonate in the soil. The clay gives the eoil cohe-

sive strength and the calcium carbonate tends to cement the soil
part icles together.

The calcium carbonate cement in the soil is probably a sig-

nificant constituent in the safety factof, of elde-caet flL1 ma-

terial which has rarnained stable for 25 years in a situation iden-

tical to the access road leadinq to the Bear Creek Portal.



CO-OP lrlining Company
December  29 ,  1980
Page- 4 -

colrcl,usroN

Based on obserrratione naile during our reconDaissance and the
discussions presented above, lt is our opinion that the side-caet
naterial located adjacent to the access road leading to the Bear

Creek Portal will behave in a manner similar to the si_de-cast na-
terial located adj acent to the access roail leading to the Trail
eanyon Portal. Since the material near the Trail_ Canyon portal

has been grossl-y stable for 10 !o 25 years as iletermineci by its
performance, we believe that the material placeit durlng construc-
tion of the Bear Creek Portal accegs road will also be groesly

stable.

Consequently. we believe that the stabifity concern iilentlfieit
in the regrulations can best be addressed by the ernpirical. eviitence
of the performance of similar material in a simi.Iar situation
rather than a calculated factor of safety.

we trust that this report satisf ies your present needs, I f
you have any questions or require additional discussions or infor-
mation, please contact us.

Very truly yours,
DAI,IES E MOORE ^+,

w
Associate
Professional Engineer No. 3457
State of Utah

Jeffrey R. Keaton
Engineering Geologist

wJG/ jrk/kc
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Dames& Moore 250 East Broadway, Suite 200
Salt Lake City, Utah &lll1
(80r) 521-e25s
TWX: 910-925-%y2 Cable addresE: DAMEMORE

February 20,  l98 t

!llr. Wende 11
Co-op l'lining
Box 300
Huntington,

Ov,ren
CompanY

Utah 8452 I

'o

Dear Dlr. Owen:

Summary Report
S lope S tabi J.i ty Analyses
Bear Creek Portal
Access Road
Near Huntington ' Utah
ror.Co-op_]4pi$l Corypgny _

INTRODUCTIo[{

Thls report sruunarizes the results of our stability analyses

of the slopes along ttre Bear Creek Portal Access Road located

northwest of HuntLngton r Utatr.

PURPOSE AISD SCOPE

The purpose and Ecope of this study were planned in

discussions between lttr. Wendell Owen of Co-op Mi,ning and

lLlr. Bi 1I Gordon of Dafles & Moore. In general, the Pur?ose of

this investigation leas to analyze the statlc factor of safety

of the side-cast cut and fil l slopes along the Bear Creek Portal

Access Road.



Mr. Wend.ell Oryen
Februa ry  20 ,  1981
Page -2-

BACKGROUND

The Co-op Ulnlng Company is in the process of reopenj.ng an

abandoned coal mine at the Bear Creek Portal. Several abandoned

facilities frcrn a previous mining ef,fort exist near the gortal.

We underEtand that the existing o1d portal will be used for

venti lation of the new mine. The rnine is located on a steep

slope in the Wasatch PLateau and acceaE to the poftal ls by a

typical unsurfaced access road constructed by conventional side-

cast methods.

Co-op Mining Company wag issued a citation by the Departnent

of Natural Resourceg oivision of Oil, GaE, and uining. The nature

of the violation was with regard to the placement of side-cast

cut and fill material on steep elopes (20 degrees or more).

Regulations require that such fills achieve a minirmrm static

factor of safety of L.5.

An engineering geologlst frcrn Danes & Moore previously visited

the site and. performed a reconnaiEsance aurvey of the area and

sideslopes in guestion. laboratory tests have been perforned on

sarrples of the side-cast cut and fill material obtained at the

site. llhese laboratory testg included sieve analyses and

Atterberg LimitE. The result8 of these laboratory tegts, a

discussion of our site recsrnaissance survey, and a sumrnary of

our conclugl-ons were presented in a report dated Decernbet 29, 1980*.

* "Report r GeotechniEal
Huntington, Ut ah, For

Consultation, Bear Creek Portal, Near
Co-op Mining Company. "



ltr. Wendell Owen
February  2A,  1981
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STTE CONDITIONS

The general location of the Bear Creek Portal Access Road

is shown on Plate L, Plot Plan. Side-cast cut and f i l l  areas

as determined by ot,hers are also indicated on PLate I. The

slopes in the area of the Bear Creek Portal are generalty steeper

than 20 degrees and the access road has been constructed, by con-
ventional side-cast methods. The material being excavated and

forming this side-cast cut and f i l l  typical ly consists of f ine

and coarse gravel and cobble sized pieces of silty sandstone i-n

a sandy and silty clay matrix. Calcirrrr carbonate derived from

the cerent ln the sandstone ls also present,

The surface of the side-cast material is quite firm, which

we believe to be related to the composition of clay and calcium

carbonate in the soil. The clay acts as a binder and gives the

soil cohesj.ve strength and the calci,um carbonate tends to cement

the soi l  part icles together. As discussed, in our previous letter,

ttre calcLum carbonate cement in the soil probably provides a

significant component of the factor of safety of the side-cast

fil l material. However, the determination of a numerical value

for the influence of the calciun carbonate cementation would be

very difficult to accurate3-y deterrnine.

SOIL PROPERTTES

Based on the resul ts

of the side-cast eut and

of laboratory

f i l l  mater ial

tests performed on samples

frorn the Bear Creek Portal



I[r. Wende 1]. Owen
February  20 ,  1981
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site and our experience with similar soils, lre have assumed the
fol lowing soi l  propert ies:

Side-Cast  F i t l  Mater ia l

Angle of Internal Friction

Cohesion

Unit weight soi l

Natural Soi ls

Angle of Internal Friction

. Cohesion

Unit weight soil

O  =260

C =  350  ps f

d  =  98  pc f

O= 260

C =  700  ps f

d = 720 pcf

SLOPE STABILTTY AITALYS IS

To aid in evaluating the stability of the side-cast cut and

fil l material of the Bear Creek Portal Aceess Road, a computer

slope stabi l ity analysis was perf orred. The computer analysis

uti l ized a simpli f ied Bishop's Method in computing the long-term

static factor of safety of the slopes. Due to the l imited

Iaboratory and field data, and the uncontrolled method in which

side-cast cut and f i l l  naterials are placed, ultra conservative

soil strengtlr parameters were used in the computer analysis. A

Geometric cross-section of a cri t ical section ut i l ized. in the

analysis is shown on Plate 2, Slope Cross Section. I t  was also

assurued that a phreatic water surfaee would not develop in the

slopes of the embankment.

The cdqruter program analyzed the slope stability by searching

a specified coordinate grid area for the center of the circle



Mr. Wendell Onen
February 20, 1981
Page -5-

having the lowest factor of safety. lhe slope stabtlity anaLyses
was perfonred using a total of four Beparate coordinate grid areas.
The number of trial failure arc centers analyzed in each of tlreEe
four areaE varied frqn 12 to 63. As indicated on plate 2, this
analysis indicated a rniniurum static factor of safety varf ing frot
1 .43  to  2 .15 .

Copies of the results of the conlputer analysis for each
coord.inate grid area are incruded wittr ttris report.

DISEUSSIONS AI.ID RECOMIT{ENDATIONS

GEI{ERAL

Supporting

been presented

previous Dames

SLOPE STABILITY

data upon whlch our reeommendations are based have
in the previous sections of thls report and in the

& Moore report dated December 29 , 1980.

The computer slope stability analysis indicates a minimum

static factor of safety varying from 1.43 to 2.LS for t tre tr ial

arcg analyzed.

It should be noted that the factor of safety of ttre trial

arc which cuts deeg into the slope does not conslder the presence

of bedrock, j.ncreasing strength of the natural soils with depth,

or the effect of the calcium carbonate cerentation in the soil. If

the above were incortrrorated into the analysis, the factor of
safety would be sigmificantly higher.



Mr. Wendell Gren
February 20, 1981
Page -6-

Stability of the 8lopes wlll be influenced by the degree
of saturation of the existing soilE. Therefore, Eurf,ace drainage
must be channeled to nininize runoff over the slopes. However,
during wet periodE of the year, srnall localized Elides and sloughs
should be anticipated along the slopes. However, these occurrenceE
should be minor. the perfonnance of thege side-cast cut and fill
slopes is anticipated to be similar to virtually identical side-
cast cut and ftll slopes along the nearby load leading to the
Trail Canyon Portal. These slopes have been stable since their

construction, varying frotn 10 to 25 years ago.

Based on our Elope stabii-ity analysis and observationa made

rluring our reconnalssance visit to the site, j.t is our opinion

that the side-cast fill material located along the Eear Creek
Portal Acceas Road generally has a long-term static factor of
safety of 1.5 or greater and will perform in a satisfactory

manner.

o0o



I'tr. Wende 11 Owen
February  20 ,  1981
Page -7 -

We appreciate the opportunigy of perforrni.ng this service
for you. rf you have any guestions or reguire additional informa-
t ion,  p lease contact  us.

Very truly yours,

DAII{ES & I'IOORE

Associ,ate
Professional  Engineer No.  3457
State of Utah

Vo.rf44'r4,42"p
Douglas G. Beck
Staff Engineer

wJclDGB/wb

Attachments "

P la te l -P10 tP lan
Plate 2 Slope Cross-Seetion
Computer Anlaysis Results

cc3 Department of Natural Resources
Div is lon of  o i l ,  Gas and Mining (2)
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Append i x  3 -F  ( con t )

5/10/8s

STABILITY ANALYSIS

HIGHWALL STABILITY

Highwa l l s  a t  the  s ' i t e  face  sou th ,  sou theas t ,  and  eas t .  The

h i  ghwa l  ' l  s  a re  near l  y  ve r t i  ca l  ,  w t  th  an  av€rage  s  I  ope  o f  IV :2H,  oF

80 .

The  n ighwa ' l  1  s t ab i  l  i t y  ana l ys i s  i s  based  on  a  ro ta t t ona l  shea r

ana lys i s  us ing  the  Hoek  me thod .  Compress i ve  s t reng ths  o f  rna te r i a l s

in  the  B ' l  ackhawk  Fo r rna t i on  a re  h ' i gh l y  va r i  ab le ,  rang i  ng  f  rom 290

ps i  f o r  so f t  sha le  t o  mo re  t han  20 ,OOO ps i  f o r  ce r t a i n  sands tones ,

An  ave rage  va lue  o f  5 ,00O ps i  has  been  used  f o r  t h i s  ana l ys i s ,  Th i s

i  s  a  ve ry  conse rva t i  ve  f i  gu re ,  based  on  the  re l  a t i  ve  p ropo r t i ons

o f  sands tones  and  sha les  i n  t he  exposed  h ighwa l  l s .

There are  ?  jo i  n t  se ts  typ i  ca l  1  y  found i  n  th i  e  area.  the

major  set  has a  s t r i  ke  o f  about  N 1  0  deg E and d i  ps  80 deg to

ve r t i ca l .  The  m ino r  se t  has  a  s t r i ke  o f  app rox ima te l y  N  70  deg  w

and  a l so  d i ps  g rea te r  t han  80  deg .  The  bedd ing  i n  t he  h i ghwa l l

a rea  i s  nea r l y  f l a t ,



Cohes r  on can

fo l  l ow ing  f o rmu ' l  a :

be ca I  cu  1  a ted f  rorn  compress i  ve  s t  rength  by  the

ci = @rt"n ( 4s-gz) ;

whe re  : In tac t  rock  shear  s t reng th  o r  cohes ion

In tac t  rock  compress ive  s t rength

In te rna ' l  f r r c t , i on  ang1e .

Us ing  a  Eyp t ca l  t n t e rna i  f r t c t l on  ang le  o f  45  deg  f o r  t { asa t ch

P l  a teau  r -ock  t ypes ,  and  a  5  ,  OOO ps1  compress i  ve  s t reng th ,  a

cohes ion  o r  i n t ac t  r ock  s t r eng th  c f  app rox ima te i y  1 ,000  ps i  i s

f ound .  S ince  t he  1 ,0O0  ps l  va l ue  i s  f o r  i n t ac t  o r  so l i d  r ock ,  t he

va lue  mus t  be  ad jus ted  t o  compensa te  f o r  j o i n t i ng  and  f r ac tu r i ng

common to  a l  I  r ock  masses .  A  me thod  o f  reJa t i ng  f rac tu re  i n tens i t y

and cohes ion was deve loped by St impson and Ross-Brown and can be

found  i n  t he  a r t i c l e  en t i t ' l  ed ,  "Es t ima t i ng  t he  Cohes i ve  S t reng th

o f  Randomly  Jo in ted  Rock  Masses " ,  M in l ng  Eng lnee r i ng ,  Vo l .  31 ,  No .

2 ,  pp .  182 -188 ,  Basad  on  t h i s  me thod  and  us ing  a  conse rva t i ve

f i  gu re  o f  4  j o i  n t s  pe r  me te r ,  a  .  065  fac to r  i  s  de te rm i  ned  fo r

ca l cu la t i ng  rock  mass  cohes ion  (C r ) .  Based  on  a  C i  o f  1 ,000  ps i ,

C r  becomes  65  ps i .

Co=

g=

A typ ica l  or  average rock mass

was  se ' l ec ted  f o r  t he  ana l ys i s ,  and

common 1 y used val ue of 3 1 deg was

s l  i d i ng  f r i c t i on  ang1e .

bu l  k  dens i t y  o f  I  55  I  bs .  / f t 3

a  s l i gh t l y  conse rva t i ve ,  bu t

se l  ected for the rock rnass



The  so l l ow ing  pa rame te rs  we re  useo  w r th  che  Hoek  s i ope  cha r t

(Hoek ,  E . ,  and  J .w .  B?dy ,  1981 ,  Rock  S lope  Eng inee r tng ,  Rev rseo

Th ' i  rd  Ed r  t  i  on  ,  I l ' lM,  London ,  :

H

e

cm

6

Y

Max imum S lope  He igh t  100

S lope  l ng le  ( ave rage )  -  80

Rock Mass Cohes ' r  on 6  5  ps  i

Rock  Mass  Fr i c t ron  Ang le  31  oeg

Rocx  Mass  Bu  i  k  Dens  r  t y  1  55  I  bs .  /  f f

f r

deg

o

Pl  out ' i  ng  the above parameters  on the C i  rcu  I  a r  Fa i  
' l  
u re  Char ts

Nos .  1  and  5  (F i gu re  3F -1  anc i  3F -2 ) ,  r t  can  be  seen  t ha t  t he

p ro jec ted  h i ghwa l l s  w i l l  have  a  sa fe t y  f ac to r  o r  2 ,61  unde r  d r y

cond i t i ons  and  2 .40  unde r  sa t , u ra ted  cond ' i  t i ons .  f t  shou jd  be  no ted

that  the safe ty  fac tors  exceed the requ i red 1 .5  safe ty  fac tor .

E},IBANKMENT STABI LITY

Embankmen t  o r  back f  i ' l  I  w i  I  I  be  p laced  ' i  n  I  i f t s  no t  t o  exceed  36  i n .

and wi l l  be  compacted to  90 pct  o f  the laboratory  obta ined T-99

S tanda rd  P roc to r .  S lopes  w i l l  no t  exceed  IV :1 .5H  o r  33 .7  deg .

Soi  l  p roper t i  es  are  based on those used i  n  the "  S l  ope Stab i  l  i  ty

Anal  yses f  or  the Bear  Creek Por ta l  and Access Road ' '  ,  by  Darnes and

Moore ,  F€b rua ry  20 ,  1981 ,  and  t he  "Geo techn i ca l  Consu l t a t i on ,  Bea r

Creek  Po r ta l " ,  by  Dames  and  Moo re ,  December  29 ,1980 ,  and  t he  "Bea r

Canyon  M ine  S i t e ,  Sed ' imen ta t i on  Pond  . .A "  S tab i l i t y  Ana Iys i s " ,  by



..
;

a .  H  =

Hor rccks  and  Co ro l l o  Eng inee rs  on  Ju ' l  y  12 ,1984 .

Based  on  the  p roposed  p lan ,  and  the  resu l t s  o f  samp les  taken

dur i  ng t ,he above s tud i  es  ,  the f  o l  
' lowl  

ng parameters  were estab I  i  shed

fo r  t he  sa fe t y  f ac to r  ca l  cu  I  a t i  ons :

Embanr .ment  ne igh t  =  30  f t ;  ch ' i  s  represents  the  max i rnu in

he i  ght  of  compacted embankment proposed I  n the p]  an ;

S lope  Ang le  =  33 .7  deg ;  t h i s  i s  t he  max imum s lope

(  IV :  1  .  5H  )  p roposed  f  o r  t he  rec ' l  a i  med  embankmen ts .

F Ci l  s  So i  1  Cohes ion  O  90  pc t  Compac t i on  =  4 .375  ps i ;  Ac tua l

Cohes ion  t es t s  on  compac ted  na t i  ve  rna te r i  a l  a t  t h i s  s i t e

showed a cohes i  on va l  ue o f  7OO psf  a t  a  dens ' i  ty  o f  I  18

lbs . / f Ls  and  a  compac t i on  va lue  rang ' i  ng  f rom 89  pc t  t o

94  pc t .  (See  Sed imen t  Pond  "A "  S tab i l i t y  Ana ' l  y s i s ,  by

Ho r rocks  &  Co ro l l o  Eng inee rs ,  Ju l y  12 ,1984 . )  To  p rov ide

for  max i  mum safe ty  i  n  the ca i  cu  I  a t i  on ,  the cohes j  on

fac tor  is  reduced by the compact ion fac tor .

7O0  ps f  X  0 .9  =  630  ps f  =  4 .375  ps i

F r i c t i on  Ang le  =  2S  deg ;  Th i s  ang le  i s  based  on  t he

measurements taken and reported i  n the Feb .  20, 1 981

Dames  &  Moore  S lope  S tab i  1  i t y  Ana l  ys i s  on  the  Bear  Creek

b .

d .



A

Por ta l  and  Access  Road .

= Rock  Mass  Bu lk  Dens i t y  (90  pc t )  =  108  lbs , , / f t3 ;  once

aga tn ,  th ' i  s  i s  a  conserva t i ve  number ,  es tab l i shed  by

tak ' i  ng  ac tua l  va ]  ues  o f  118  to  12O lbs . / f l 3  as  repor ted

in  the  above  re fe rence  s tab i  i  i t y  ana lys is ,  and  a l  l ow ing

fo r  90  pc t  compac t ion  120  x  0 .gO =  l0g  lbs . l f t s .

'  A  roca t  i  ona  I  shea r  ana  1  ys  i  s

me thod  to  de te rm i  ne  s tab  i  I  i  r y  o f

f  o ' l  I  ow i  n g paramete rs were used f  or

was  pe r fo rmed  us  I  ng  the  Hoek

the  back f i l l ed  s l opes .  The

the  s  1  opes :

H

e

cn

g

Y = Rock  Mass  Bu lk  Dens i t y  (90  pc t )  -  tOg  lbs .  / f f

Based  on  the  above  c r i t e r i a ,  back f i l l ed  s lopes  a re  found  to

have an expected safe ty  fac tor  o f  a  max i  mum of  2  .21 for  dry

cond i t i ons  t o  a  m in i r num o f  1 .68  f o r  sa tu ra ted  cond i t i ons .  Bo th

cases  exceed  the  requ i red  s ta t , i c  sa fe ty  fac to r  o f  1 .3 .  I t  shou ld

a l so  be  no ted  tha t  t he  p rev ious  s lope  s tab i ' l  ' i  t y  ana ' l  ys i s  by  Dames

& Moore  resu l ted  i n  s ta t i c  sa fe ty  fac to rs  rang ing  f rom a  m in imum

o f  ' 1  . 43  t o  2 .15  f o r  s i de -cas t  cu t  and  f  i 11  ma te r i a l  i n  t h i s  a rea .

Embankment  Hei  ght  30

S lope  Ang le  33 .7

So i  I  Cohes ion  O  90  pc t  Compac t i on  4 .375  ps i

F r i c t i on  Ang le  -  2



Note: The eurbankntent com$action factors and cohesion values are

based on previous tests perf ormed in the Bear canyon

area. Although the tests were not site specJ-fic, they

were run on the existing soils which are the sane as

those to be used in reclanation. The values used for

rock compressive strengths were taken from rock

parameters typical of the Blaclchawlc Fornation in the

Wasatch Plateau, and connonly used and accepted for this

type of calculations.

If it is deteruined necessary, Co-Op will comnit to taking

site specif ic tests on the soils and highwall rock to further

verify the f actors of saf ety, these tests sould be perf omed prior

to reclanation, trt the discretion of the Division.

BEUOVAL ON REDUCTTOT OF EIGENAIJ&TI

Due to the laus requiring renoval of highwalls constructed

following L977, the Division has directed Co-op to recover all

highwalls, Plates 3-2 show existing highwalls (Plates 2-4) are

recovered during reclamation.
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RECI,AIUED EA}TK SEEU PORIIAIJ AECESS ROAD

SLOPE STABILITY AITALTSIS



t27 SOUTH 500 EAST, SUITE 300,
(80r) szr-gzss

SAIJT LAKE CITY, [.TT,A,H &4IO2.1959
FAX: (801) 521-0380

May 10, 1994

CO-OP Mining Company
P.O. Box 1245
Highway 31
Huntinglon Canyon
Huntington, Utah 84528

Anention: Mr. Charles Reynolds
Mining Engineer

Report
Stability Analysis for Reclaimed
Tank Seam Portal Access Road
Iob No. 2743?-ffi1-162

IMRODUC'TION

Dames & Moors performed stability analyses for corutruction and reclamation of the Tank Seam Portal
Access Road in 1993. Minor revisions were incorporated into that report, dated September 16, 1993 for
access road construction, urd an updated report bas been issued. This report incorporates updated
reclamation concepts and replaces the original stability analysis for the reclaimed Tank Seam Portal
Access Road, dated Sqptember 22, 1993.

STABILITY ANALYSIS

This reportpresents stability analyses for the anticipated configuration ofthe Reclaimed Tank Seam Portal
Access Road. The general location of the proposed access road is presented on Plate 1. It is assumed
that the access road excavation will be reclaimed to approximately the same slope as the topography
adjacent to the access road aligrrment. Backfill materials will be derived from the fill sections of the road
and from adjacent slopes during the reshaping. Materids to be used during reclamation of the acces$'i
road wilt be native soils and no additional materids frorn offsite borrow sources are anticipated. Boulders
obtained during initial road construction that are not incorporated into reclamation fill and that cannot be '
broken down into smaller fragments will be placed on stable flat areas of the mine site.

A subility uralysis of the proposed reclaimed slope was performed utilizing a two dimensional, limit
equilibrium stability program called PCSTABLS. An automatic search routine was employed to
determine the failure surfaces with the lowest factors of safety, Only circular failure surfaces were
evaluated. A naturd slope of 35 degrees was modeled considering dry conditions.

The analysis of the cut slope section considered one horizontal to two vertical (1H:2V) cuts, Bedrock
was modeled to be present 6 feet vertically below the ground surface and to trend parallel to the narural
cut. The roadway section cut was backfrlled to conform to the natural existing slopes above and below
the access road excavation. The small frll section, which includes the safety berm, was left in place in
the stability analysis model. However, it could be removed during reclamation activities. Removal of
the berm would not decrease the stability of the slope. Plate 2 presents the configuration modeled, the

OFFTCES WORLDWIDE
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input materid properties, rnd the ten failure surfaces with the minimum safety factors. A minimum
factor of safety of 1.8 was determined for the input configuration. The 'arrows" on Plate 2 indicate the
failure surface with the lowest safety factor.

The fill material placed in the road cuts should be compacted in lifis not exceeding 18 inches in depth
and compacted by heavy machinery during placement. All rock fragments in excess of 18 inches should
be removed from the initial lifu of the fill. Rock fragmens obtained during road construction and
incorporated in the frll should be placed in a manner to minimize void space. During placement of the
fill, boulder sized rock fragments in excess of 18 inches could be incorporated into upper lifts of the fill
provided the majority of the fragments are well embedded in the fill and the material adjacent to these
rock fragments is properly compacted. The surface of the reclaimed ground that is devoid of protruding
rock fragments should be scarified to a minimum depth of 12 inches to reduce surface compastion and
to aid in the re-establishment of vegetation.

All of the existing gullies for slope drainage shoutd be re-established to their natural configuration. Since
the stability of the reclaimed slopes will be influence<l by the degree of saturation of the existing soils,
surface drainage must be channeled to prevent or at least minimize runoff over the reclaimed slopes.

Questions have been raised concerning the stability of thc scarified surface of the reclaimed slopes,
particularly if topsoil comprises the majority of the scarified material. To evaluate this scenario, a
reclaimed slope of 35 degrees with simulated lE inch lifts was modelled. The friction angle of the outer
12 inches of the slope was reduced to 30 degrees to mimic scarified conditions. We understand that an
erosion control/revegetation blanket similar to Excelsior S-2 or equivalent will be placed over the
scarified slope surface and stapled into scarified material to minimize erosion potential and to enhance
slope stability. This blanket was also incorporatod into the model and a minimal tensile strength utilized.
The modelled configuration, input properties, and the ten failure surfaces with the minimum factors of
safety are presented on Plate 3.

The anatysis indicates that the scarified material witl achieve minimum factors of safety provided proper
construction technigues are utilized and the erosion control/revegetation blanket is properly placed and
adeguately anached to underlying soils. Scarification and placement of the blanket should be coordinated
such that vegetation can begin to develop prior to spring nrnoff.

Based on our slope stability analysis and observations made during our reoonnaissance visit, it is our
opinion that the reclaimed fill slopes, if properly constructed, will perform similar to or better than the
natural existing slopes in the area of the proposed Tank Seam Portal Access Road.

Again, we are pleased to be able to assist you with tlre expansion of the Bear Creek Mine. If you have
any questions concerning tlris report, our previous reports, or if we can assist you in any other way please
call at your earliest convenience.

oOo



CO-OP Mining Company
May 10, 1994
Page -3-

The following Plates are attached and complete this report:

Plate l -PlotPIan
Plate 2 - Reclaimed Slope Cross-Section
Plate 3 - Reclaimed Slone Scarified Section

Sincerely,

DAil,IES &MOffiE,Ihn.

A F
C. Chrles Pa5/tor1 C.E.G.
Associate

fu 1-il^^
Russell L. Owens, P.E-
Professional Engineer
State of Utah
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Appendix 5-I

Cut and Fill Calculations
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CUT AND FILL CALCULATIONS

INTRODUCTION

This Appendix discusses the mass balance calculations for Reclamation Areas

TS-3 through TS-9, and includes the cross-sectional representations in order to

demonstrate that there is adequate volumes of fill and soil material for projected

reclamation and revegetation plans. The reclamation areas are depicted on Plates 2-3. A

full discussion of substitute topsoil (plant growth material) material is found in R645-

301-224. Revegetation is discussed in Chapter 3.

Plates 5-6 show the contours which these cross-sections are based on. Much of

the final contours on Plate 5-6 are at five and ten ft. intervals. In flatter areas contours

have been drawn at 2 ft. intervals. Although every effort has been made to accurately

depict final contours, the final configuration may vary according to the equipment used

and the abilities of the operator. In all cases the final contours will meet safety and

reclamation standards, and provide for adequate and stable drainage.

In some parts of TS-7 slopes greater then the maximum stable slope would be

required in order to fill the entire cut made for the road. In these areas the maximum

stable slope of 1.5H:lV will be used starting at the outer base of the berm and extending

as far up the initial road cut as it can. In some of the cross-sections a small portion along

the top of the initial road cut will remain (0-8 ft) as shown on the TS-7 cross-sections

4+00 and 6+00. Cuts, which will remain, are shown on plate 5-6. All highwalls, which

B.C. 5I-3 8t0r/02



are located in T5-6 section 24+gg, and TS-7 sections 0+00, 3+00, and 5+00, will be

eliminated during reclamation.

COAL WASTE VOLUME OS.5)

Coal waste is generated as a result of coal storage and sediment pond clean-out

activities. This material is not suitable for substitute topsoil material, and will be covered

with a minimum of 4'of other material, including 12" of substitute topsoil material. All

of this material will be re-sraded and covered within TS-5.

In addition, the volume of concrete to be disposed of within TS-5 has also been

shown in the volumetric calculations. Concrete will be covered with a minimum of 2' of

soil, including 12" of substitute topsoil material. These values have been determined

from volumes shown in Chapter 2.

Calculation of Coal Waste Volume

Coal Storage Waste:

Assume one foot deep across the coal storage pad and 6" deep over the tipple yard.

Coal Storage Waste Area:

Volume at main storage

Volume covering tipple

Total Volume

= (1X720')(180'+120')12 = 108,000 cu. ft.
: (0.5'X45,060 sq. ft.) = 22,530 cu. ft.
: 130,530 cu. ft. = 4,834 cu. yd.

5r-4B.C. 8/0U02



Sediment:

Sediment values were taken from the sediment pond designs shown in R645-301-

732.210. Sediment values used for design of sediment ponds are conservative.

Therefore, for the purpose of calculating waste volumes, eighty percent of these values

were used. The life of the mine will be approximately twenty-seven years.

Sediment Area:

Volume (Pond A)

Volume (Pond B)

Volume (Pond C

Total Volume

: (.80X27X3,848 cu. ft.)
: (.80)(27)(213 cu. ft.)
: (.80)(27)(126 cu. ft.)
= 90.440 cu. ft

= 83,117 cu. ft.
= 4,601 cu. ft.
= 2,722 cu.ft.
: 3,350 cu. yd.

Concrete:

Volume

Total Wash Volume:

Volume of Coal Waste

Volume of Sediment

Volume of Concrete

Total Volume

8,041 cu. yd. (from Section 3.6.8)

= 4,834 cu. yd.
= 3,350 cu. yd.
= 8,041 cu. yd.
= 16,503 cu. yd

5I-5B.C. 8t0t/02



SUBSTITUTE TOPSOIL MATERIAL

The substitute topsoil material that will be used is included in the cut volumes.

Chapter 2,R645-301-224, describes the source of all substitute topsoil and it's use during

reclamation.

CUT ATID FILL VOLUMES

Areas TS-3, TS-4, and TS-9 will balance within themselves and no material will

be hauled in or out of the Areas. Fill material generated in Areas TS-5 and T5-6 will be

hauled to Areas TS-7 and TS-8 and the four areas will balance together. A total

additional volume of 14,948 cu. yd. will be needed in TS-7 and TS-8.

Cut and fill volumes were measured using "Quicksurf'Version 4.0 3-D modeling

software package, copyright 1991, Schreiber Instruments, Inc. Volumes are based on the

contours on Plates 5-6 and Plates 5-2. Quicksurf was also used to generate the cross-

sections which were then used to calculate the amount of substitute topsoil that was

generated with each of the cuts.

Table 5l-l shows the summarized cut and fill volumes for each section. The

following pages show detailed cut and fill tables as well as cross-sections for each area.

Plates 5-6 and 2-3 show the location of the cross-sections for areas TS-3 through TS-9.

R645-301-240 describe the topsoil depths and there sources.

B.C. 5r-6 8/01/02



Table 5I-1 - Cut and Fill Summary
Areas TS-3 Through TS-9

Area Fill (-) Volume (cu. yd.) Cut (+; volume (cu. yd.) Excess Volume (cu. yd.)t

TS-3 1,454 1,468 t4

TS-4 3,460 3,473 13

TS-5 25,157 40,585 15,428

TS.6 5,573 8,126 2,553

TS-7 18,037 6,445 -11,592

TS-8 7,022 3,666 -3,356

TS.9 5,851 5,889 38

Cumulative Balanced Volume (cu. yd.) = 3,098

I An excess volume of 3,098 cu. Yds. will be generated based on the contours shown on

Plates 5-6. This excess is generated in Reclamation Area TS-5, and demonstrates that

there is adequate material for reclamation. During reclamation, actual contours in TS-5

can be varied in the areas of cut to eliminate this excess cut. This excess material mav

also be used to cover anv soil found to be unsuitable at the time of reclamation.

B.C. 5r-7 8t0t/02



TS-3 Sediment Pond B and Scale House Pad

To reclaim Sediment Pond B, the West embankment will be removed and used as

fill material. Additional substitute topsoil material will come from the removal of culvert

c-10u.

To reclaim the Scale House Pad, culvert C-10U will be removed leaving the

original stream and embankment, and any asphalt will be removed from the Mine Access

Road. The existing Mine Access Road will be fitted with drainage controls as shown in

Appendix 7-H and left in place for post-mining access. The remaining areas within the

Scalehouse Pad will be ripped and the existing substitute topsoil material will be used in

place. A summary of the cut and fill volumes is shown in Table 5l-2.

Table 5l-2 - Area TS-3 Cut & Fill Summarry

' 
It is assumed that sediment Pond B would contain 82 cu. yd. of sediment at the start of

reclamation. The aotual volume may vary slightly.

B.C. 8/0u025r-8

Fill (-) Volumes
(cu. yd.)

Cut (+; Volumes
(cu. yd.)

Volume
Cumulative

(cu. yd.)Section Total Fill Volume
Substitute
Topsoil

Regular
Soil

Total Cut
Volume

A-A 1054* 190 0 190 -864

B-B 400 668 610 1r278
l4

Totals 1,454 858 610 11468
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TS-4 Sediment Pond A

The embankment on each side of the Sediment

contour. The fill generated will be used as fill material

The cut and fill amounts within TS-4 will balance.

Pond will be cut to

and substitute topsoil

original

material.

Fill (-) Volumes (cu. yd.) Cut (+) Volumes (cu. yd.)
Volume

Cumulative
(cu. yd.)Section

Total Fill
Volume

Substitute
Topsoil

Regular
Soil

Total Cut
Volume

C.C 3,460 1,008 2,465 3,473 13

Table 5I-3 - Area TS-4 Cut & Fill Summarv

* 
[t is assumed that Sediment Pond A would contain 878 cu. yd. of sediment at the start of

reclamation. The actual volume may vary slightly.

B.C. 5I-l I 8/0r/02
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TS-5 Tipple and Load-out Area

The tipple and load-out area will be reclaimed to matoh the contours shown on Plate 5-

6C, although actual contours may vary somewhat to account for required cut volumes and onsite

concrete disposal. The excess coal waste will be used as fill in this area and will be buried a

minimum of 4'deep, with a minimum of 12" of substitute topsoil material applied on the surface.

In sections 3+00 through 8+00 the existing road on the east side will be left in place for post

mining access as shown on Plate 5-6C. Where no re-grading is required, and in areas were the

cut leaves at least 12" of substitute topsoil material, the area will be ripped and existing substitute

topsoil material will be used in place. 15,428 cu. yd of material can be generated in TS-5 for use

in TS-7 and TS-8, which exceeds the volume needed as shown in Table 5l-1. 1,000 yds3 of this

material will go to TS-17 as described on page 5K-7.

The west slope of the tipple area, shown in cross-section 9+00, will be filled to cover the

coal waste which exists in the area. Soil and substitute topsoil from the coal storage pad will

then be placed over the coal waste as shown in cross-section 9+00. The slope below the tipple

pad will consist of removing coal waste material and replacing it with substitute topsoil material.

Although the removing and replacing results in a minimal change in the cross-section and

contours, the volumes in Table 5[-4 reflect the removal and replacement of this material.

A summary of the cut and fill volumes is shown in Table 5l-4.

5I-13 8t0u02B.C.
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T5-6 Portal Access Road

T5-6, which includes the Portal Access road, will be reclaimed as shown on the

following cross-sections so that the contour matches those shown on plates 5-6C and 5-

6D. Sections I l+00, 12+00,13+00, 15+00, and 16+00 contain BTCA Area'oG" which

has already been reclaimed and currently supports vegetation. Sections l3+00 and 14+00

are located at the switch back. Both section l2+00 and l 5+00 are south of section l3+00

but 15+00 is at a higher elevation. The reclaimed slope shown on 12+00 and 15+00 is

the same one, and the reclaimed slope shown on 1 l+00 and 16+00 is also the same one.

2,553 cu. yd. of material will be generated in this Area for use in TS-7 and TS-8.

A summarv of the cut and fill values is shown in Table 5I-5.

B.C. 5t-29 8/0U02



Table 5I-5 - Area T5-6 Cut and Fill Summarr

Fill (-) Volumes (cu. yd.) Cut (+) Volumes (cu. yd.)

VolumeSection
Total Fill
Volume

Substitute
Topsoil

Other
Soil

Total Cut
Volume

0+00 207 52 0 52
!!

r"il{fr r
I +00 4 76 0 76 -83

2+00 0 5 0 5 -78

3+00 82 82 0 82 -78

4+00 0 274 0 274 196

5+00 74 74 0 74 t96

6+00 30 30 0 30 196

7+00 t4l t44 0 t44 199

8+00 130 52 0 52 121

9+00 1 1 1 63 0 63 73

10+00 51 167 0 167 189

1 l+00 107 107 0 r07 189

12+00 111 l l l 0 111 189

13+00 504 104 0 104 -2tl

14+00 4t9 1,096 0 1,096 466

15+00 7tl 0 0 0 -245

16+00 r63 48 0 48 -360

l7+00 0 193 0 193 -167

18+00 78 226 0 226 -19

19+00 918 148 0 148 -789

20+00 0 674 268 942 153

21+00 0 274 0 274 42t

22+00 218 458 0 458 667

23+00 218 2tl 0 ztl 660

23+50 4l 343 33 376 99s

24+00 1,089 37 0 37 -57

25+00 159 96 96 -120

26+00 7 1,278 s38 1,756 1,629

27+00 0 537 172 709 2,338

28+00 0 211 4 215 2,553

Totals 51573 7, l1 l 1 , 0 1 5 8,126

8t0U02
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TS-7 Blind Seam Portal Pad

TS-7 will be reclaimed as shown on the following cross-sections in order to match

the contours shown on plate 5-6C. 11,582 cu. yd. of material from either TS-5 or T5-6

will be used here for the reclamation. Three highwalls are located in this section and all

of them will be completely covered with fill material. The highwall shown on section

3+00 is the belt entry and passes under the road before it enters the coal seam. Table 5l-6

show a summary of the cut and fill volumes.

Table 5I-6 - Area TS-7 Cut & Fill Summarv

Fill (-) Volumes (cu. yd.) Cut (+; Volumes (cu. yd.)
Volume

Cumulative
(cu. yd.)Section

Total Fill
Volume

Substitute
Topsoil

Regular
Soil

Total Cut
Volume

0+00 2,881 1,078 1,274 2,352 -s29

l+00 2,633 867 7t8 1,585 -1r577

2+00 1,630 s78 274 t52 -2gss

3+00 1,356 248 248 -3,463

3+50 1,355 r37 137 -4,681

4+00 1,996 45 45 -6,632

5+00 1,703 685 685 -7,650

6+00 696 67 67 -8279

7+00 989 420 420 -8,848

7+50 443 0 0 -9,291

8+00 2"355 45 l 9 64 -11,582

Totals 18,037 4,170 22,207 6,455

B.C. 5r-61 8/0v02
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TS-8 Upper Storage Pad

TS-8 will be reclaimed as shown on the following cross-sections. The soil

labeled as Tank Seam Access Road fill material was not included in the calculations since

it will be used while reclaiming the Tank Seam Access Road (Appendix 5-G). 1,000

yds3 of this material will remain in place as described on page 5G-10. A volume of 952

cu. yd. of fill material will come from TS-5 or T5-6. A summary of the cut and fill

volumes is shown in Table 5l-7.

Table 5l-7 - Area TS-8 Cut & Fill Summarv

B.C.

Fill (-) Volumes (cu. yd.) Cut (+) Volumes (cu. yd.)
Volume

Cumulative
(cu. yd.)Section

Total Fill
Volume

Substitute
Topsoil

Regular
Soil

Total Cut
Volume

0+00 2,100 552 0 552 -574

l+00 1,300 1,463 7 1,470 -404

2+00 22r8 1,537 t07 1,644 -1,952

Totals 5,618 3,552 tr4 3,666

5t-73 8/0r/02
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TS-9 Sediment Pond C and Bathhouse Pad

The material generated for the bathhouse parking area will be used as fill material

for Sediment Pond C and the ditch leading from the Bathhouse Pad to Sediment Pond C.

The 1,200 cu. yd. topsoil stockpile created during the construction of the bathhouse pad

will be used in conjunction with the substitute topsoil generated from the bathhouse pad.

Table 5I-8 - Area TS-9 Cut & Fill summarv

* It was assumed that sediment Pond C would contain 98 cu. yd. of sediment at the start

of reclamation. 1,200 cu. yd. of material will come from the Wild Horse Ridge topsoil

stockpile, which was originally recovered from the Bathhouse Pad.

Fill (-) Volumes (cu. yd.) Cut (+) Volumes (cu. yd.)
Volume

Cumulative
(cu. yd.)Section Topsoil

Substitute
Topsoil

Regular
Soil Topsoil

Substitute
Topsoil

Regular
Soil

D-D 1,200* 1,762 2,899* 1,200 2,561 2,128 28

B.C. 5r-77 8/0u02
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